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GENERAL INTRODUCTION 
The adoption of value-based marketing systems, which are designed to identify, 
evaluate and price carcasses based upon lean content, has increased the amount of 
selection pressure placed on factors influencing the production of lean meat. These 
developments have increased the need for accurate, economical methods for measuring 
carcass characteristics on live animals, because they provide the genetic base to which 
selection is applied. Wilson (1992) emphasized that the selection tools needed by 
breeders when selecting for carcass merit must be cost-effective and accurate, and that 
real-time ultrasound has the potential to satisfy these conditions. Based on this premise, 
research studies were conducted to evaluate real-time ultrasound measurements taken on 
live swine as predictors of carcass characteristics of swine. 
The first objective of the study was to assess the accuracy of real-time 
measurements of backfat, taken at three anatomical locations, and longissimus muscle 
area measured at the tenth rib when compared to their corresponding measurement taken 
on the carcass. Ultrasonic measurements were taken at three approximately equidistant 
live weights prior to slaughter to evaluate the potential for selection of carcass traits at 
live weights which are smaller than commonly used in the industry for selection of 
breeding animals. The influence of breed, sex and the magnitude of the carcass 
measurement were further analyzed to determine their effects on accuracy of real-time 
ultrasonic measurement of tenth rib backfat and loin muscle area. 
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The second objective of the study was to characterize the rate and pattern of 
backfat and loin muscle area deposition with increased live weight of the pig. The 
effect of breed and sex as well as differences in rates of fat deposition at three different 
anatomical locations were analyzed. Adjustment factors to standardize measurements of 
backfat and muscle to a common endpoint were computed and compared with guidelines 
currently recommended for adjusting these measurements. 
The third objective of this study was to estimate variance components for the 
estimation of heritabilities for ultrasonic, carcass and performance traits and determine 
that genetic relationship among these traits. These measures of genetic variability and 
relationship are important for the prediction of directional and rate of change in traits on 
which selection emphasis has been placed. 
Dissertation Organization 
This dissertation is presented as a general introduction, a general review of 
literature, three individual papers, and a concluding general summary. References cited 
in the general introduction and literature review follow the general summary section. 
All citations of references are in accordance with the CBE Style Manual used by the 
Journal of Animal Science to which a portion of these papers may be submitted. Each 
individual paper consists of an abstract, introduction, materials and methods, results and 
discussion, and an implication section. References cited within the papers are listed 
after the implication section for each paper. 
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LITERATURE REVIEW 
The literature review for this thesis is divided into three sections. The first 
section covers research evaluating the accuracy of live backfat and loin muscle area 
measurement techniques utilized in the swine industry for the prediction of measured 
carcass traits. The second section deals with research related to the assessment of fat 
and muscle deposition rates in swine through live animal measurements. The third 
section reviews genetic parameter estimation procedures and previous estimates for 
growth and performance data in swine with emphasis on parameters estimated using 
ultrasound techniques to measure carcass traits. 
Live Animal Evaluation 
Hazel and Kline (1952) first reported on the use of a metal probing technique to 
measure backfat on the live animal. The procedure involved a small incision into the 
skin followed by the insertion of a metal ruler through the fat until the muscle boundary 
was encountered. Backfat measurements on 96 mixed breed barrows and gilts weighing 
225 pounds were taken 1-1/2 inches off midline at the shoulder, mid-back and middle of 
the loin, along with a midline mid-loin measurement. Carcass measurements were 
taken at the first rib, last rib, and last lumbar vertebra. Reported correlations between 
average carcass backfat and shoulder, mid-back, mid-loin, midline mid-loin, and 
average live backfat were .79, .59, .67, .73, and .81, respectively. All backfat 
measures were negatively correlated with loin muscle area and percentage primal cuts, 
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with shoulder fat most highly negatively correlated, and mid-back fat being the lowest. 
Live average backfat was more highly negatively correlated with percentage primal cuts 
and lean loin area than carcass average backfat. 
Hazel and Kline (1959) compared backfat measurements taken by the metal 
probe technique with ultrasonic measurements obtained using a Kelvin and Hughes 
Mark V flaw detector at 1.5 mc/s and 2.5 mc/s frequencies. Backfat measurements 
using each technique and corresponding actual carcass measurements were taken on 56 
market weight hogs at points 2 inches off midline at the shoulder, mid-back, and rear of 
the loin. Correlations between carcass and metal probe were generally higher (not 
significantly) than carcass with ultrasound at each frequency. Ultrasonic measures at 
1.5 mc/s were in closer agreement with actual carcass measurements. Correlations 
between live animal measurement techniques and percent lean cuts in the carcass were -
.90 at 2.5 mc/s, -.76 at 1.5 mc/s, and -.89 when using the metal probe. They noted 
problems with the penetration of ultrasound in the shoulder region, possibly due to the 
trapezius muscle interfering with the reading. 
Hetzer et al, (1956) used a ruler probe to measure backfat on 140 crossbred pigs 
at 150, 175, 200, and 225 pounds to determine the accuracy and predictability of early 
backfat measures. Barrows, gilts and boars were used in the study. An average of 
three backfat measures (off midline shoulder, mid-back, and mid-loin) were compared 
with corresponding carcass measures. Correlations, computed on a intra-sex-and-line 
basis, between measures taken on the same pig at different weights were highly 
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significant, with adjacent weight measures more highly correlated. Correlations 
declined as weight intervals increased. No significant differences in correlations were 
found between sexes at given weights. The correlation between average carcass and 
average ruler probe fat increased from .38 at 150 pounds to .72 at 225 pounds. No 
significant differences were found between average probe fat measured at each weight 
interval and percent primal cuts in the carcass. 
Price et al. (1960a) conducted a study using 158 market hogs, of various breeds, 
split into two groups. Comparisons were made between live and carcass ultrasound, 
ruler probe, and actual carcass measurements of backfat and loin muscle area. Group 1 
pigs (N=78) were ultrasonically and ruler probed, taking the average of measurements 
at the fifth rib, last rib, and last lumbar vertebra and comparing them with the average 
of the actual carcass measurement at the 1st rib, 7th rib, last rib, and last lumbar 
vertebra. Live ultrasonic backfat and ruler probe backfat were highly correlated 
(r=,81) with carcass backfat. Simple correlations between percent lean cuts on a live 
and carcass weight basis with ultrasonic backfat were -.58 and -.70, respectively. 
In group 2 (N=84), ultrasonic and ruler probe measurements were taken near 
the center of the back on the live animal and the hanging carcass. Highly significant 
simple correlations were found between live ultrasound and actual carcass backfat 
(r=.88) and between live ultrasound and ruler probe backfat (r=.91). Correlations of 
.89 were found when comparing carcass ultrasound with actual carcass and ruler probe 
backfats. Ultrasound, on a live and carcass basis, was highly correlated (r=-.72 to 
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-.78) with percent lean cuts on a carcass and live weight basis. The correlation between 
live and carcass ultrasound was .93. No differences between actual carcass backfat, 
live ruler probe, or ultrasonic measurements of fat as predictors of cut out value were 
found. Loin muscle depth estimates, taken ultrasonically over the center of the back on 
the live animal, were significantly related to depth and area measurements taken from a 
carcass tracing. The correlation between loin depth measured ultrasonically on the 
carcass and actual carcass loin depth was .43 as a simple correlation, increasing to .60 
when fat depth over the loin was held constant. 
Price et al. (1960b) obtained ultrasonic loin muscle area measurements on 41 
hogs (measured at the last rib) using a Sperry Reflectoscope. Comparisons with 
corresponding carcass measures revealed no significant difference in mean loin muscle 
area. A significant correlation (r=.74) between ultrasound and carcass measurements 
was found. As noted by Claus (1957), Price et al. found fat depth and composition to 
have an effect on ultrasonic image characteristics. He also noted the subjectivity which 
occurs in the plotting of ultrasonic loin muscle area and the need for further refinement 
of the technique. 
A study using the Reflectoscope fitted with a Polaroid camera was utilized on a 
group of 327 cattle and 42 hogs to evaluate the accuracy and repeatability of the 
ultrasonic technique (Stouffer et al., 1961). Nine measurements, taken at various angles 
of incidence, were taken near the 12th rib on the hogs to give a photograph of the 
cross-section of the loin muscle and overlying fat. Twelve hogs were scanned twice to 
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analyze the repeatability. Measurements, including fat depth (FD), loin depth (LD), 
loin length (LL), and loin muscle area (LMA) were made on the photograph and 
carcass. Highly significant correlations between ultrasonic and carcass measurements 
were .92, .70, .47 and ,68 for FD, LMA, LD and LL, respectively. Correlations 
between repeated measures on the 12 hogs were .95 for fat depth and .84 for loin 
muscle area. Stouffer noted the need for refinement of the technique due to the large 
variation found between operators interpreting the images. Fat measurement on swine 
was found to be slightly more accurate than on cattle. 
Anderson and Wahlstrom (1969) evaluated 78 mixed breed market hogs with a 
Branson Model 212 Ultrasonic Animal Tester. Various measurements, involving 
different locations and angles were used in measuring loin muscle area and backfat 
depth near the 10th rib on both sides of the live animal. Metal probe fat was measured 
at the last rib. Simple correlations between ultrasonic fat depth and average carcass 
backfat ranged from .50 to .69, with measures 10 cm. off midline at a 50 degree angle 
being most highly correlated. Loin muscle depth was most highly correlated with 
carcass loin muscle area when measured 10 cm off midline at a 50 degree angle. The 
probe fat correlation with average backfat was .66. Correlations between ultrasonic and 
carcass loin muscle area were .64 and .61 for the right and left sides, respectively. 
Correlations between ultrasonic fat and percent lean cuts in the carcass ranged from -.41 
to -.61 and were consistently higher than correlations on a weight of lean cuts basis 
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(-.30 to -.45). Loin muscle area correlations were .67 and .53 on a percent lean cuts 
and weight of lean cuts basis, respectively. 
Adams et al. (1972) probed 476 market weight Hampshire pigs over a five year 
period using a Lean Meater. Backfat measures were taken off midline over the 
shoulder, last rib, and stifle joint on each side of the live animal and averaged. Midline 
carcass backfat measurements were an average of first rib, last rib, and last lumbar 
vertebra values measured on both sides of the carcass. Pooled within year, season, sex, 
phenotypic correlations were calculated. The correlation between average Lean Meter 
and average carcass backfat was .58. Shoulder measurements were generally lower 
correlated with corresponding carcass measurements than last rib and stifle joint 
measurements. Ultrasonic and carcass backfat measures were more highly negatively 
correlated with percent lean cuts on a carcass weight basis than on a live weight basis or 
weight of lean basis. Loin muscle area correlations were highest on a weight of lean 
cuts basis and lowest with percent lean on a carcass weight basis. 
Sather et al. (1982) studied the effect of operator and machine on the use of 
ultrasonic techniques to assess backfat in swine. Scans were taken 5 cm off midline at 
the mid-back and over the loin on 186 Lacombe barrows and gilts weighing 90 kg. 
Krautkramer USM2 and Scanoprobe 731A ultrasonic machines were used by two 
experienced operators. Simple correlations between average ultrasonic and average 
corresponding carcass backfat for the USM2 were .78 and .84 for each operator, 
respectively. Correlations for the 731A were .78 and .82, respectively. Both machines 
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were noted to underestimate backfat. Sather indicated operator ability was more critical 
than machine used in making accurate measurements. 
Mersmann (1982a) used a Scanogram Model 722 ultrasonic machine to evaluate 
2 groups of Yorkshire hogs (N=25 and 38) for backfat and loin muscle area. Midline 
ultrasonic backfat was measured at 1/5, 1/2, and 3/4 body lengths on the live animal. 
Actual carcass backfat was measured at the 1st rib, last rib, and last lumbar vertebra. 
Loin muscle area and fat depth 5 cm off midline were measured at 1/2 body length 
along with corresponding carcass 10th rib measurements. The highest correlations in 
both groups, between ultrasound and actual carcass measurements, occurred when 
comparing 1/2 body length, off midline ultrasonic backfat and carcass 10th rib fat 
(r=.74 and .91). Fat depth at the shoulder resulted in the lowest correlations. Loin 
muscle area correlations were .51 and .47 for the two groups. Repeatability, measured 
on 14-15 pigs at various weights, results ranged from .72 to .97 depending on 
anatomical location. Repeatability was highest for ioin muscie area and midline 1/2 
body length measures, and lowest for measures in the shoulder region. Mersmann 
noted that comparisons of horizontally suspended live animal and vertically hung 
carcasses may involve some error due to the shifts occurring in muscle and fat area in 
the warm carcass and muscle contraction and movement in the live animal. 
Alliston et al. (1982) compared A- and B-mode ultrasonic machines using 39 
male Large White hogs from different selection lines. Hogs were evaluated using 
Sonatest (A-mode), Scanogram (linear scanner), and Danscanner (real-time) ultrasonic 
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machines. Each machine was evaluated on the precision of carcass lean percent 
prediction, under a constant live weight and pooled within line basis. The Sonatest, 
using a single fat measurement, gave the highest predictability. Additional fat measure­
ments gave only slight improvement in predictability. Precision was not increased with 
the addition of loin muscle area when comparing the Danscanner. 
Kempster et al. (1979) evaluated 4 ultrasonic machines of differing complexity: 
Sonatest (A-mode), Scanogram (linear scanner), ILIS Observer (linear scanner) and 
Danscanner (real-time). A comparison between the Sonatest and Scanogram was done 
on 143 hogs of varying breed composition. Regression analysis (on a pooled within 
breed-type and sex basis) using best backfat and live weight was used to estimate 
percent lean in the carcass. Residual standard deviations for the Sonatest was 2.72% 
and for the Scanogram 2.56%. Including loin depth (Sonatest) and loin muscle area 
(Scanogram) decreased the residual standard deviation slightly. No improvement was 
found when using two or more fat depth measurements. The ILIS observer and 
Scanogram were compared on a subset of 38 pigs. The Scanogram predicted percent 
lean better using a single fat measurement, but no difference was found when a 
combination of variables was used. A comparison of the Danscanner and Scanogram on 
27 pigs, including best fat, live weight, and loin muscle area in the model, resulted in 
residual standard deviations of .203% and .218%, respectively. 
A study to evaluate the effect of operator, machine, and probe site was 
conducted by Sather et al. (1986). Two operators using 3 ultrasonic machines 
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(Krautkramer USM2, Scanoprobe 731 A, and Renco Lean Meater) evaluated 194 
barrows and 94 gilts at 80, 90, 100, and 110 kgs, measuring at three locations along the 
midline and two locations over the loin. Averaging backfat over all machines, the 
operators were in close agreement when measuring only second fat layers with a mean 
difference of .1 mm. The difference increased to .44 mm when total fat depth was 
measured. Differences, averaged over operator and machine, increased from .5 mm to 
2.1 mm by moving from 5 cm to 6 cm off the midline at the last rib. A significant 
machine x operator interaction showed operators interpreted scans for each machine 
differently, suggesting different interpretation of the display or transducer manipulation 
as possible causes. The Renco Lean Meater tended to underestimate fat at higher 
weights indicating a possible failure to detect a third fat layer. 
Kanis et al. (1986) evaluated the use of live ultrasound techniques to predict 
percent lean parts in the carcass. Three diverse data sets, containing pigs of various 
breeds, age, sex, and feeding regimes, with data on a total of 536 pigs were used for 
analysis. Ultrasonic backfat measurements were taken 5 cm off-midline on both sides 
of the animal at four equally spaced intervals (measured as the distance between the 
back edge of the scapula and the last rib). Weight of trimmed shoulder, loin, ham, and 
meat scraps were used to calculate percent lean cuts and weight of lean cuts in the 
carcass. 
Data set 1 (N=94) compared a Krautkramer USK6 and a Renco Lean Meater, 
with each machine operated by two individuals. The Renco recorded significantly 
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higher (P<.001) fat depth values (difference =.96 mm). Significant differences 
(P<.01) were also found between positions on the animal. Backfat measured on the 
left side of the animal was .14 mm thicker (P<.01) than measures on the right side. 
No significant differences were found between operators or the interaction between 
operator, position, machines, and sides. 
Data set 2 and 3 were scanned by one operator using a Krautkramer USK5SF. 
Pearson correlations between dependent variables (percent lean cuts and weight of lean 
cuts) and independent variables (ultrasonic backfat sites and live weight) were calculated 
for each data set. Correlations between percent lean cuts and backfat measures, by 
position, ranged from -.57 to -.79, all significantly different from zero. The analysis 
showed no single site to be more highly correlated in either data set, but a slightly 
higher correlation was found when comparing the average of any two sites. 
Correlations between backfat and weight of lean cuts were lower and not always 
signiiiConuy uincreni irom zero. 
The results of a regression analysis to estimate percent and weight of lean cuts 
showed considerable variation in coefficients of determination between the data sets. 
Residual standard deviations, however, were consistent across data sets. Combinations 
of live weight and fat depth at two or more locations accounted for 50 to 68% of the 
variation in percent lean cuts with residual standard deviations ranging from 1.80% to 
2.40%. 
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Forrest et al. (1986) evaluated 103 market hogs live and on the hanging carcass 
with a Technicare 210DX real-time ultrasonic unit. Backfat was measured at the 1st 
rib, last rib, and last lumbar vertebra along the midline on the live animal and carcass. 
Tenth rib loin muscle area and 3/4 point fat were also measured. Carcass 10th rib fat 
backfat correlations with ultrasonic backfat measurements ranged from .54 to .85, and 
were largest at the last rib and last lumbar vertebra. Ultrasonic carcass 10th rib backfat 
was more highly correlated (r=.75) with hanging carcass 10th rib backfat than with live 
ultrasonic 10th rib backfat (r=.71). Carcass ultrasound loin muscle area measures had 
slightly higher correlations (r=.70 and .68) than live ultrasound (r=.68 and .65) with 
carcass 10th rib and last rib loin muscle areas, respectively. Tenth rib backfat was 
highly correlated with percent dissected lean (10 percent fat) on a live and carcass 
ultrasound basis (r=-.81 and -.82, respectively). Tenth and last rib loin muscle area 
were more highly correlated with weight of dissected lean than percent of dissected 
lean. Prediction of pounds of lean (10 percent fat) using live weight and ultrasonic iOth 
rib loin muscle area and backfat gave a coefficient of determination (R2) value of .686. 
Carcass ultrasound and hanging carcass measures gave R2 values of .815 and .823, 
respectively. 
5usk (1986) compared 5 ultrasonic niachincsj tlic Kenco i^ean ivxeater LNi-/, the 
Scanmatic SM-1, the Krautkramer USK-6, the Aloka SSD-210DX, and the Danscanner. 
A total of 133 hogs of the Danish Landrace (46), Yorkshire (44), and Duroc (43) breeds 
were measured twice with each machine 3 days prior to slaughter. Fat thickness was 
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measured 7 cm off-midline at the tenth rib, last rib, and approximately the last lumbar 
vertebra, and 15 cm off-midline over the ham. Loin muscle depth and area (tenth and 
last rib) were measured with the Aloka and Danscanner, respectively. Repeatability 
coefficients for backfat, measured as the correlation between the two measures, were 
high for all machines (r=.86 to .98), with a tendency for the Aloka, Danscanner, and 
Krautkramer to be more highly repeatable. Loin muscle depth and area repeatabilities 
were near .90. Measurements of backfat at the 10th rib tended to be most highly corre­
lated with corresponding carcass measurements (r=.87 to .91) using all machines. Last 
rib backfat correlations were slightly lower (r=.78 to .90), as were last lumbar backfat 
correlations (r=.67 to .73). The correlations between loin depth and carcass loin 
muscle area were .51 and .60 for 10th and last rib locations, respectively. Danscanner 
loin muscle area correlations were .69 and .78 for 10th rib and last rib, respectively. 
Stepwise regression analysis techniques were used to estimate percent lean cuts 
from ultrasonic measurements. Tne Aloka machine gave the highest coefficient of 
determination (R2=.76) and lowest standard deviation (1.22%) in estimating percent 
lean. The best fitting equation included fat measurements over the ham, loin and 10th 
rib, along with last rib muscle depth, and live weight. No significant differences were 
found between the Aloka, Danscanner, and Krautkramer machines in the estimation of 
percent lean. The Renco and Scanmatic machines were significantly inferior. 
Lopes et al. (1987) evaluated 98 crossbred, market weight barrows and gilts split 
into three groups with a Technicare 210DX real-time ultrasonic machine to determine 
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the accuracy of live ultrasonic measurements of backfat and loin muscle area relative to 
carcass measurements. Correlations between ultrasonic and carcass backfat measured at 
the tenth rib ranged from .80 to .89 (P<.01) with a mean absolute deviation of 2.2 to 
6.2 mm. Last rib correlations between carcass and ultrasound were from .75 to .89 
(P< .01) with mean absolute deviations of 1.9 to 5.7 mm. Loin muscle area 
correlations, measured at the tenth rib, were from .27 to .71 with mean absolute 
deviations from 2.5 to 6.5 cm2. A comparison of measurements on tracings and those 
using internal calipers showed internal measurements to be more precise. 
Turlington et al. (1990) used a Technicare 210DX real-time ultrasound machine 
to evaluate 75 crossbred hogs. Ultrasonic measurements of backfat and loin muscle 
area on the live hog were compared with measurements on the hanging and standing 
chilled carcasses. Backfat and loin muscle area measurements on the hanging carcass 
were significantly (P<.01) greater than ultrasonic and standing carcass measurements. 
Standing carcass loin muscle area was less (P<.Oi) man ultrasonic ioin muscle area. 
Ultrasonic backfat measures were within .38 cm of hanging carcass measures 86.3% of 
the time. Ultrasonic loin muscle area was reported within 1.94 cm2 of carcass 
measurement 76% of the time. Turlington et al. (1990) further reported correlations of 
.74 to .90 at the first rib, .83 at the last rib, .90 at the last lumbar and .88 to .93 at the 
tenth rib for backfat. Loin muscle correlations were reported between .91 and .93 in 
the study. 
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Terry et al. (1989) studied the use of live and carcass ultrasonic measurements as 
predictors of lean content. Twenty crossbred hogs were scanned using a Johnson and 
Johnson 210DX real-time ultrasonic machine. Backfat at nine locations and loin muscle 
area at the 10th rib were measured alive and on the hot carcass with ultrasound and 
corresponding carcass measurements were made on the chilled carcass. Percent yield of 
the trimmed ham, loin, picnic shoulder and Boston butt were calculated after fabrication 
of one side of the carcass. 
The correlations between percent lean cuts in the carcass with ultrasonic (live 
and hot carcass) and actual measurements were not significantly different. Midline and 
10th rib 3/4 point fat measurements were generally more highly correlated with percent 
lean than off midline measures taken at the shoulder and over the ham. A two variable 
equation, including live ultrasonic loin muscle area and fat depth measured anterior to 
the gluteus medius was the most appropriate place in estimating percent of 4 lean cuts 
(R-=.83, RSD=i.67%). Additional fat measures increased values and decreased 
RSDs slightly, but couldn't be justified. The best fitting equation using carcass 
ultrasound to predict percent lean cuts included a single fat measurement on the midline 
at he first rib with R^ values of .82 and a RSD of 1.68%. The increase in R^ with 
additional fat measures could not be justified. 
McLaren et al. (1989) evaluated 48 barrows and 62 gilts sired by Hampshire 
boars using a Johnson and Johnson 210DX real-time ultrasonic machine fitted with a 3.0 
MHz probe. Pigs were serial scanned every 14 days beginning at 42 days of age (8.9 
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kg) until an average age of 170.1 days (98.5 kg). Ultrasonic measurements of backfat 
and loin muscle area were taken over the last rib. Carcass backfat measures were taken 
at the first rib, last rib, last lumbar vertebra, and tenth rib 3/4 point along with tenth rib 
loin muscle area. Correlations (adjusted for sex) between the final pre-slaughter 
ultrasonic backfat measurement and actual carcass last rib, average carcass and tenth rib 
3/4 point backfats were .55, .62, and .55, respectively. Final pre-slaughter ultrasonic 
loin muscle area measurement was correlated with the carcass measurement at .61. 
Serial backfat measurements taken at weights <53 kg were poorly correlated (r=.00 -
. 16) with final scanned and carcass backfat measures. Correlations among ultrasound 
and carcass backfat at weights >53 kg ranged from .22 to .63, with adjacent weight 
scans being more highly correlated. Loin muscle area correlations among ultrasonic 
and carcass measurements ranged from .40 to .61 when taken at weights >31 kg. 
Moeller (1990) reported a residual correlation among ultrasonic and carcass 
measures of tenth rib backfat (r=.82) and tenth rib loin muscle area (r=.73) on 716 
crossbred market hogs. Christian and Moeller (1990) reported tenth rib ultrasonic 
backfat measurements within 4 mm of the carcass value 76% of the time and ultrasonic 
loin muscle area within 6.45 cm^ of the carcass 88% of the time. Moeller (1990) also 
reported serial measurements of fat and muscle were more highly correlated within 
adjacent scan periods and concluded ultrasonic estimates more accurately predicted the 
carcass value when measured at equal weights or time periods. 
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Smith et al. (1992) using an ALOKA 210DX real-time machine, compared 
ultrasound and carcass measurements at the tenth rib for backfat and loin muscle area 
and found partial correlations of .63 and .53, respectively for the two traits. Accuracy 
comparisons were made at three slaughter weights (91, 104.5 and 118 kg) using 
absolute deviations and differences between ultrasonic measurement and carcass 
measurements. They found ultrasound tenth rib fat underestimated the carcass value 
consistently at each slaughter weight by approximately 4.4 mm, and that the absolute 
value of the backfat deviation across slaughter weights was approximately 4.78 mm. 
Ultrasonic loin muscle area was underestimated at each slaughter weight, with a much 
larger underestimation at 91 kg (1.976 cm^) than 118 kg (.192 cm^). Absolute deviations 
for loin muscle area were significandy higher at 118 kg than 91 kg and 104.5 kg. They 
reported no sex differences were present for bias of absolute deviations between 
ultrasound and carcass measurements. 
Moeiier (1990) reported underestimation of the carcass fat depth at the tenth rib 
(2.0 mm), last rib (7.8 mm) and last lumbar vertebra (0.9 mm) and an underestimation 
of the carcass loin muscle area by 2.3 cm^. Turlington (1990) reported an 
underestimation of carcass BFIO when compared to the hanging carcass (1 mm) and an 
overestimation when comparing ultrasonic measurements to a standing carcass (1 mm). 
Loin muscle area was also found to be smaller (P< .01) on the standing carcass than 
either the hanging carcass or the live animal ultrasonic measurement. 
19 
Comparable studies in beef cattle using ultrasound (Smith et al., 1992; Robinson 
et al., 1992; Perkins et al,, 1992; Waldner et al., 1992; Duello, 1993) conclude that 
ultrasonic fat tended to be underestimated compared to the carcass value, particularly 
for fatter cattle. Perkins et al. (1992) found that fatter cattle and heavier muscled cattle 
were most inaccurately measured with ultrasound. Waldner et al. (1992) reported a 
tendency for cattle with smaller loin muscles to be overestimated and those with larger 
loin muscle area to be underestimated when compared to the carcass value. 
Operator effects have been described as significant sources of variation when 
comparing ultrasonic evaluations to carcass measurements. McLaren et al. (1991) noted 
operator variance accounted for 35% of the total LMA scan variance and only 1% of 
the total variance for BFIO in a study evaluating technician effects on ultrasound 
accuracy. They noted experienced technicians were capable of interpreting images from 
multiple different operators with a higher degree of accuracy than the technician which 
obtained the image, indicating interpretation capability, particularly for LMA, was the 
major source of error, not image collection. Waldner et al. (1992) working with beef 
cattle ultrasound found that interpretation of scanned images was more important than 
image collection in obt^ning accurate results and suggested that operator skill in image 
collection did not improve accuracy of fat or muscle estimates. Perkins et al. (1992) 
however, concluded that ultrasonic image retrieval and interpretation of ultrasonic 
images were of equal importance when estimating fat and muscle in beef cattle. 
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Houghton and Turlington (1992) reviewed the accuracy of ultrasonic 
measurements of carcass traits across species and noted a large amount of variation in 
ultrasonic accuracy between species, technicians and ultrasonic instrumentation when 
trying to predict carcass traits. They noted that correlation coefficients were the most 
commonly reported statistic used to evaluate ultrasonic accuracy and that caution must 
be taken when looking at correlations alone in determining the accuracy of ultrasound. 
They listed the limitations of correlation coefficients as 1) Populations variation 
influences the correlation coefficient (i.e., a larger than normal variation will produce 
high correlation coefficients, where as a uniform population will result in much lower 
correlation coefficients); 2) correlation coefficients do not reflect bias (i.e. an ultrasonic 
technique that consistently over or underestimates measurements); 3) correlation 
coefficients are not easily understood by most producer groups. An alternative method 
of evaluation described was the use of frequency distributions of the absolute deviations 
ijetween ultrasonic and carcass measurements. 
Robinson et al. (1992) described the use of standard errors of prediction (SEP) 
between the carcass and ultrasound measurements. The advantage described for this 
statistic over absolute differences was the general acceptance as a measure of variability 
and, by squaring the differences, a few large errors are properly considered more 
serious than a greater number of small discrepancies, and bias in measurements is 
accounted for with SEP. 
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Real-time ultrasonic measurements of backfat and loin muscle area were found to 
be highly predictive of total carcass lean content in a study conducted in the Ontario 
Pork Carcass Appraisal Project (Aker et al., 1993). A four variable model including 
the measurements of fat depth, muscle depth and muscle area at the 3rd/4th last rib as 
well as fat depth at the loin site had an 8.71 and a RSD of 1.97% on a sample of 
592 pigs. The model accounted for lean content in boars, barrows and gilts with almost 
equal accuracy. Slight differences were found across breeds for the ability to predict 
lean, with R^ values ranging from .56 for Hampshire pigs to .74 for Yorkshire pigs. 
Fat at the 3rd/4th last rib had a correlation of -.71 with lean content. Loin muscle area 
was found to be positively correlated (r = .48) with lean content. 
Growth and Deposition 
Hetzer et al. (1956), following the procedure described earlier, found a 
significant linear increase in fat depth for barrows, gilts and boars when measured with 
a metal probe at weights from 150 to 225 pounds. Backfat increased .0057 in/lb in 
barrows, .0042 in/lb in gilts and .0044 in/lb in boars. 
Noffsinger et al. (1959) evaluated fat deposition in four inbred lines of swine 
including: 37 White King, 28 Yorkshire, 13 Boilermaker and 19 White King-
Boilermaker crosses. Backfat was measured at 25 pound increments starting at 100 
pounds until slaughter at weights ranging from 160 to 190 pounds. A Lean Meter was 
used to measure backfat along the midline of the animal at the shoulder, mid-lumbar 
and over the ham. Regression analysis procedures indicated that across the four lines, 
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75% of the variation in backfat was attributable to body weight. Using rate of gain 
along with body weight increased the amount variation accounted for by 9% to 
approximately 84%. They concluded a single regression curve for each sex 
combination within a line, using weight alone to predict backfat was sufficient. They 
found deposition of backfat was nearly linear over the weight ranges studied, with 
differences occurring between lines and sexes with-in lines. Yorkshire barrows in the 
study deposited fat at a rate of .0051 inches/pound and gilts at .0041 inches/pound. 
The other lines deviated slightly around these values. 
Cox (1963) reported backfat deposition was linear with live weight between 68.2 
and 102.3 kg and Rahnefeld (1965) also reported linear backfat deposition between 22.7 
and 113.6 kg live weight. Rahnefeld (1965) also reported differences between 
Yorkshire and Lacombe breeds of swine in the rate of backfat deposition and suggested 
breed specific adjustments, but found no differences between sexes (boars, gilts and 
barrows) within the breeds. 
Quijandria and Robison (1971) conducted a study to examine body weight and 
backfat deposition curves in swine. The study included 387 Duroc and 390 Yorkshire 
pigs. Weights were taken every seven days from 119 to 154 days of age. Average 
weight ranged from 54 kg at 119 days to 81 kg at 154 days. Backfat was measured 1/2 
inches off midline near the seventh rib and last lumbar vertebra at each weight period 
using a metal probe. Linear regression of backfat on weight was found to be significant 
for all breeds, sexes, and breed-sex subgroups with the exception of Yorkshire barrows. 
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However, different curves were found for each sex, breed, and breed-sex subgroups. 
They concluded that although different deposition curves were present, correction 
factors pooled across breeds and sexes were sufficiently precise when adjusting backfat 
to a weight constant basis. 
Cooksley and Cunningham (1978) investigated the relationship among backfat 
and weight on a group of 255 boars and gilts which were probed a minimum of 5 times 
between 68 and 125 kg live weight, using the average of backfat measured at three 
anatomical sites. They reported 98% of the variation in backfat due to weight could be 
explained by a linear relationship, and noted backfat thickness at any given time is 
related to live weight. Boars deposited fat at an average rate of .0212 cm/kg and gilts 
deposited fat at .0275 cm/kg, significantly faster than boars. Based on their study of 
the correlations between scan measurements at different weights. They concluded that 
boars and gilts should be scanned at a weight closest to the desired weight, because 
fewer changes in rank wouid be present than from scans taken at earlier weights. 
Performance records from 54,085 boars and gilts between 120 and 180 days of 
age and approximately 70 and 110 kg live weight were evaluated by Ahlschwede et al. 
(1978) to determine optimal adjustment factors for backfat and growth rate. They 
reported the relationship between weight and age and backfat and weight to be linear 
with only a small amount of deviation accounted for by non-linear effects. Based on 
these data, adjustment factors were developed which extended the average deposition 
rates to a point where they crossed the x-axis. This x-axis value was used as a constant 
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subtracted from the animal's true age or weight in the calculation of a pig's own 
deposition rate which was used to adjust to a common endpoint. X-intercept values 
calculated for age were 36 days for boars and 31 days for gilts. For backfat the x-
intercept value was found to be 0.0 for each sex. 
Jones et al. (1980) studied the effects of breed and sex on patterns of fat 
deposition among five breeds, Duroc x York, Hampshire x York, York, York x York-
Lacombe, and York x Lacombe, and two sexes (barrows and gilts). A total of 163 pigs 
were evaluated using serial slaughter procedures with equal numbers slaughtered at 
either 68, 91, or 114 kg live weight. Comparisons among breeds and sexes showed no 
significant differences in total fat or subcutaneous fat growth rate when comparisons 
were made relative to total side muscle weight. No significant differences between 
breeds and sexes for the distribution of fat between body cavity, intermuscular, and 
subcutaneous fat depots were found when regressed on total fat. Fat growth was found 
to be siighiiy different between fat depots, with body cavity fat growing the fastest 
followed by intermuscular fat and subcutaneous fat. 
Mersmann (1982b) used ultrasonic techniques to assess fat and muscle deposition 
in swine over various weights ranging from 25 to 90 kg. The study was split into 5 
separate experiments with pigs of varying breed composition and number in each. In 
the first experiment 7-9 hogs in each of 5 weight groups (28, 45, 59, 78 and 92 kg) 
were ultrasonically scanned and slaughtered to determine the relationship of ultrasound 
and carcass measures at varying slaughter weights. Significant simple correlations 
25 
(adjusted to constant weight basis) for ultrasonic and carcass measurements were similar 
and not signiticantly different across weight groups for all ultrasonic variables. 
Considerable variation occurred across weight groups in the predictability of body 
composition variables (percent fat, total fat, and percent protein) for both ultrasonic and 
carcass measurements. 
The second experiment involved sequential scanning of 23 Yorkshire pigs at 40, 
78, and 93 kg body weights. Deposition rates were calculated using the slope obtained 
by linear regression analysis on the three body weights. Differences occurred in 
deposition rate and percent change in each variable measured. Growth rates were 
approximately linear for each variable with a range from . 17 mm/kg to .27 mm/kg for 
backfat. Loin muscle deposition rate was .27 cm^/kg. A similar experiment involving 
10 pigs scanned initially at 19 kg and continuing weekly for 5 weeks gave similar 
results, with the increase in backfat and loin muscle area bring linear over time. 
Significant changes (measured by paired T-tests) were detectable in 1 week for backfat 
and 2 weeks for loin muscle area. 
Mersmann (1984) evaluated 92 Yorkshire barrows and gilts ultrasonically at 
approximately 22, 55 and 90 kg weights to assess fat and muscle deposition rates. 
Ultrasonic backfat measures were taken at 1/5, 1/2 and 3/4 body lengths on the midline 
and 5 cm off the midline using a Scanogram Model 722 ultrasonic machine. Loin 
muscle area was measured at 1/2 body length. Slaughter measurements were at 92 kg 
and included midline backfat at the first and last ribs, last lumbar vertebra, tenth rib 3/4 
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point, and tenth rib loin muscle area. Deposition of fat and muscle per kg body weight 
was calculated. The linear approximation of growth or accretion of backfat was 
inappropriate for all measurement sites with the exception of 1/2 body length backfat. 
Curvilinear patterns of growth were present for all other backfat sites with decreased 
growth at heavier body weights. Loin muscle area also increased non-linearly. A 
quadratic coefficient was not fit to the data due to problems encountered when only 
three points were measured. Backfat in the shoulder area (1/5 body length) was thicker 
and deposited more rapidly than in the midsection of the body (1/2 body length). 
Deposition and thickness were intermediate in the loin region (3/4 body length). 
Shoulder and loin backfat deposition dramatically slowed at heavier weights, while the 
midbody area continued to grow linearly. 
McKay and Gamett (1988) evaluated season, breed and sex effects for deposition 
curves of backfat and growth of swine and compared different methods of adjusting 
records to common endpoint. Within pig regression of backfat on live weight and log,o 
of age on logio live weight were used to evaluate the deposition curves for both traits 
between weaning and 90 kg. Backfat measurements were taken on both sides of the pig 
5 cm off the midline at the last rib and over the loin a minimum of four times beginning 
at 56 days until 90 kg off test weight. Backfat was found to be deposited linearly with 
live weight, while a non-linear deposition of weight with age was found, hence they 
used a log,o scale to describe the relationship. Breed, sex, and seasonal differences 
were significant for the slope, x-intercept and y-intercept for backfat. Sex effects were 
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not significant for the slope, x-intercept or y-intercept for age. A breed x sex x season 
interactions was found for backfat slope x-intercept and y-intercept. They concluded 
that adjustment of backfat when the probed weight is < 90 kg should include 
adjustment for breed, sex and seasonal effects, but for weights > 90 kg adjustments 
could be made using the formula: adjusted backfat = (actual backfat x 90)/probe 
weight. 
McLaren et al. (1989) using the procedure described earlier, found highly 
significant linear and quadratic regression coefficients for scanned backfat and loin 
muscle area using 10 serial ultrasonic measurements over a weight range from 8.9 to 
98.5 kg. Significant sex differences for backfat (P< .01) and loin muscle area (P< .05) 
deposition rates were noted with the gilts depositing fat slower and muscle faster than 
barrows. 
Tess et al. (1986) evaluated fat, lean, and protein accretion of barrows over an 
age range between 10 and 24 weeks of age. Fat, lean and protein were found to 
increase linearly with body weight increases. Differences in the rate of lean and protein 
accretion were observed between highfat and lowfat designated pig types, with 
Hampshire x Large White barrows more similar to the lowfat type of pig. 
ivloeller (1990) in a serial ultrasonic scanning study taking three measurements 
between the weights of 70 and 105 kg, reported linear deposition of backfat and loin 
muscle area over the weight range. Linear deposition rates were .250 mm/kg (fifth 
rib), .241 mm/kg (tenth rib), .167 mm/kg (last rib) and .162 mm/kg (last lumbar). 
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Tenth rib loin muscle area deposition rate was .286 cmVkg. Significant sex effects 
were found for backfat deposition at all locations, with barrows depositing fat faster 
than gilts. No difference was found in the deposition rate of barrows and gilts, 
although gilts had larger loin muscle areas than barrows at all scan weights. 
Gu et al. (1992) examined five defined genotypes for fat and muscle deposition 
in a serial slaughter study between the weights of 56 and 128 kg. Backfat was found to 
increase linearly with weight at the first, tenth, and last rib locations, as well as over 
the last lumbar vertebra. No genotype differences were found for deposition rate 
differences for fat at any location. Loin muscle area was also found to be increasing 
linearly with live weight growth, with differences among genotypes observed for rate of 
muscle deposition. 
Genetic Parameter Estimation Procedures and Research Estimates 
Schaeffer (1993) outlined desirable properties for methods of evaluating variance 
components, and pointed out that no single method of estimation has been universally 
accepted as most desirable. Some desirable properties outlined included; 1) translation 
invariance, or estimates which are not influenced by fixed effects, 2) components of 
variance which are within the parameter space, 3) unbiased or nearly unbiased estimates 
of parameters, 4) minimum mean squared error, or minimum difference between the 
true and estimated value, 5) freedom from selection bias, and 6) computational 
feasibility. 
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REML estimation of variances and covariances is generally considered the best 
method for unbalanced animal breeding data (Boldman et al., 1993) due to its many 
desirable properties. Schaeffer and Soong (1978) noted REML estimates avoid the 
small sampling bias associated with fixed effects and avoids selection bias. Harville 
(1977) reported REML estimates were guaranteed to be non-negative. The major 
limitation of the REML method is the required inversion of the coefficient matrix of the 
mixed model equations, which requires significant computing capabilities and time 
(Graser et al., 1987). 
Graser et al. (1987) presented a direct search type algorithm to obtain REML 
estimates and termed it the derivative-free approach. They described the major 
advantage of DFREML was the solution of the mixed model equations without inverting 
the coefficient matrix, which requires significantly less computing time. Meyer (1988) 
extended the derivative free approach to a single trait animal model. Boldman and Van 
Vleck (1991) reported use of a sparse-matrix solver with DFREML which increased 
efficiency of the estimation procedure. Boldman et al, (1993) developed a manual for 
the use of DFREML for estimation of variance components for multiple traits. The 
MTDFREML program described is the method used to calculate variance components in 
this disscitatiori. 
Jeffries and Peterson (1982) compared heritability estimates of ultrasonically 
measured backfat and the corresponding carcass measurements on a set of 2403 
Yorkshire pigs sired by 21 Yorkshire boars. Half-sib and Full-sib heritability estimates 
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for ultrasonic backfat were: .18 and 37 (mid-back), .21 and .34 (loin), and .26 and .41 
(adjusted average fat), respectively. Carcass half and full-sib heritabilities were .28 and 
.30 (mid-back) and .15 and .31 (loin), respectively. Genetic correlation estimates 
between ultrasonic and carcass measurements were .52 (mid-back) and .50 (loin). 
Ultrasonic fat was positively genetically correlated with average daily gain at mid-back 
(.20) and loin (.21) locations, and negatively correlated with adjusted age in days at he 
mid-back (-.15) and over the loin (-.13). 
Kuhlers and Jungst (1983) reported heritability for backfat of .78 in pigs tested 
to 105 kg live weight. Heritability estimates for age to 105 kg was estimated to be .35. 
Stewart and Schinckel (1990) reviewed and summarized genetic parameter 
estimates for growth and carcass traits of swine in Genetics of Swine. Weighted 
average heritabilities, genetic correlations and phenotypic correlations from over 175 
research trials were summarized. Generally, backfat measured on the live animal was 
found to be moderately heritable (h^=.41) and with a small antagonistic genetic 
correlation with average daily gain (r= .22) and days to 105 kg (r= -.21). Heritability 
of tenth rib backfat (h^=.52) on the carcass was slightly higher than backfat measured 
on the live animal with the genetic correlation between tenth rib backfat and live backfat 
estimated to be quite high (r = .94). Carcass loin muscle area heritability averaged .47 
across the studies and was negatively correlated with average daily gain (r = -.10) and 
tenth rib backfat (r = -.38). 
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Bryner et al. (1992) estimated variance components on centrally-tested Yorkshire 
boars using a pseudo-expectation algorithm as a REML approximation. The direct 
heritability estimate for ultrasonically measured backfat was .56 and a maternal 
heritability estimate .11. Average daily gain heritability estimates for direct and 
maternal effects were .24 and .23, respectively. The genetic correlation between daily 
gain and backfat was estimated to be -.05 in the study. 
Real-time ultrasonic measurements of backfat and loin muscle area along with 
carcass and growth data were used to calculate variance components by Lo et al. 
(1992). Heritability estimates for ultrasonic backfat and loin muscle area measured at 
the last rib were estimated to be .54 and .46, respectively. Heritability of carcass tenth 
rib backfat and loin muscle area were .56 and .80. The genetic correlation between 
ultrasonic and carcass backfat measurements was .85 and between ultrasonic and carcass 
loin muscle area was .87. Average daily gain was positively correlated genetically 
with ultrasouic backfat (r = .28) and ultrasonic loin muscie area (r = .28). The 
genetic correlation between ultrasonic backfat and loin muscle area measurements was -
.56. 
Mrode and Kennedy (1993) reported REML estimates of heritability using an 
animal model of .43, .59 and .39 for average daily gain, ultrasonic backfat, and lean 
growth rate, respectively. The genetic correlation between ultrasonic backfat and 
average daily gain was estimated to be .21. Kemp et al. (1993) reported the heritability 
of ultrasonic backfat, age and average daily gain on 557 Yorkshire boars of .44, .40 
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and .31, respectively. Genetic correlations were -.12 between ultrasonic backfat and 
and .31 between backfat and average daily gain. 
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ACCURACY OF SERIAL REAL-TIME ULTRASONIC MEASUREMENTS 
OF BACKFAT AND LOIN MUSCLE AREA IN SWINE 
A paper to be submitted to the 
Journal of Animal Science 
Moeller, S. J. and L. L. Christian 
Abstract 
Real-time ultrasonic measurements of backfat and loin muscle area were used in 
this study to assess the accuracy of predicting carcass traits for pigs. Pigs evaluated 
were entered in two tests (Spring and Fall, 1991) of the National Barrow Show Progeny 
Test program. Records on barrows (655) and gilts (472) representing the 8 major U.S. 
purebreds of swine were analyzed. Real time ultrasonic measurements were taken using 
an ALOKA 500V machine fitted with a 3.5 MHz, 12.5 cm linear array transducer. 
Four ultrasonic scans were taken on each pig (Scanl: mean 67.4 kg; Scan2: mean 80.3 
kg; Scan3: mean 93.4 kg; Scan4: mean 104.9 kg) and corresponding carcass 
measurements were taken at slaughter following the Scan4 measurement. Ultrasonic 
and carcass backfat were measured along the dorsal midline at the last rib (LR) and last 
lumbar vertebra (LL). Tenth rib, 3/4 point backfat (BFIO) and loin muscle area (LMA) 
were measured on the right hand side of the pig. Residual correlations, accounting for 
test, sex and breed effects, among ultrasonic scan measurements at different weights 
were generally moderate to high (r= .69 to .87) for measures of backfat and moderate 
for LMA (r=.58 to .70) with the magnitude of the correlation decreasing as weight 
between scans increased. When compared to the corresponding carcass measurement, 
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correlations increased the closer the scan weight was to the slaughter weight, with 
highest correlations at Scan4 weight (BFIO: r=.82; LMA: r=.68; LR: r=.66; LL: 
r=.73). Bias (Carcass-ultrasound) was 1.15 mm for BFIO and -0.26 cm^ for LMA, 
with Scan4 BFIO within 4 mm of the carcass value 75.9% of the time and Scan4 LMA 
within 6.45 cm^ of the carcass value. Significant sex differences (P< .(X)l) were found 
for LMA bias with barrows overestimated by 0.75 cm^ and gilt LMA underestimated 
0.91 cm^. Bias differed between breeds for BFIO (P< .001) and LMA (P< .001). The 
bias for BFIO ranged from 0.70 mm for the breed to 2.58 mm for the spotted breed. 
LMA biases ranged from -0.38 for Yorkshire pigs to 1.77 cm^ for the Hampshires. 
The overall standard error of prediction (SEP) for BFIO and LMA were 3.46 mm and 
4.04 cm^, respectively. When analyzed within carcass fat and muscle categories, 
ultrasonic BFIO overestimated the carcass value by 0.57 mm for carcasses measuring 
<24.1 mm and underestimated fat by 2.81 mm in carcasses with BFIO>30.3 mm. 
LMA was overestimated (-2.35 cm') in carcasses measuring < 32.5 cm^ and 
underestimated (2.29 cm^) in carcasses measuring greater than 37.9 cm^. SEPs were 
similar for carcass fat categories <30.3 mm (2.83 to 2.98 mm) and in carcass LMA 
categories <37.9 cm^ (2.91 and 3.13 cm^). 
Introduction 
Genetic improvement programs for carcass traits in the swine industry have 
relied heavily on measurements taken on the live animal. Hazel and Kline (1952) were 
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the first to use a metal ruler inserted through the skin of live pigs to estimate backfat 
thickness of the carcass. This technique was soon followed by non-invasive, non­
destructive, humane ultrasonic techniques (Wild, 1950; Hazel and Kline, 1959; Price et 
al., 1960a; Stouffer et al., 1961) to measure carcass traits on the live animal. These 
early studies provided a valuable base for which further refinement of ultrasonic 
methods of evaluation have evolved. The introduction and application of real-time (B-
mode) ultrasound in the swine industry in the early 1980's has brought about a 
revolution in the capability to evaluate live animals for carcass traits. Real-time 
ultrasound, originally developed for the human medical industry, has become the 
ultrasonic technique of choice because of the ability to visualize fat and muscle in a 
two-dimensional image over a linear span of up to 17 cm by using multiple ultrasonic 
signals, rather than at a single point (A-mode), 
Accuracy of ultrasonic measurements is of vital importance as the swine industry 
attempts to identify genetically superior animals which excel in lean growth rate, an 
economically important trait in swine production. The ability to measure the live 
animal reduces the generation interval compared to the progeny testing schemes and 
permits producers to place more selection pressure on this trait if assurances exist, that 
live animal measuremenis correctly identify the superior animals. Recent research 
reports have shown that real-time ultrasound can be used to accurately evaluate backfat 
and loin muscle area (Forrest et al., 1989; Lopes et al., 1987; Moeller, 1990; 
Turlington, 1990), but that experience in collection and interpretation of ultrasonic 
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images is highly operator dependent (McLaren et al., 1989; Sather et al., 1986, Perkins 
et al., 1992). These operator effects have led to the establishment of ultrasonic 
certification guidelines, designed to evaluate ultrasonic operators on their ability to 
measure backfat and loin muscle area in swine accurately and with a high degree of 
repeatability. 
The objectives of this study were three fold: 1) to ultrasonically evaluate backfat 
and loin muscle area on gilts and barrows at three weight intervals prior to slaughter, 
assessing the predictability of these measurements over time when compared among 
ultrasonic scans and to the carcass measurement, 2) to compare ultrasonic and carcass 
measurements taken at slaughter weight using multiple measures of accuracy and 
3) compare the accuracy of ultrasonic backfat and loin muscle area measurements across 
sex and breed and in relation to the magnitude of the carcass measurements. 
Materials and Methods 
Data description 
Data utilized in the study were collected as part of test one (Spring 1991, 
N=630) and test two (Fall 1991, N=497) of the National Barrow Show Progeny Test. 
The experiment was designed to evaluate the accuracy of serially measured real-time 
ultrasonic measurements of fat and muscle on live pigs relative to the corresponding 
carcass measurements. Pigs entered in the study were from purebred sire progeny 
groups consisting of 8 progeny/sire, with a minimum of 3 litters and a maximum of 4 
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gilts represented in each sire progeny group. Breeds represented in the study were 
Berkshire, Chester White, Duroc, Hampshire, Landrace, Poland China, Spotted and 
Yorkshire. Pig distribution across breed, sex and test is summarized in Table 1. Breed 
purity was verified through registration within breed organizations. 
The two tests were conducted in the Minnesota Swine Test Station, New Ulm, 
MN, a central swine test station with a one-time capacity of 816 pigs. Pigs were 
housed in a modified open-fronted, partially slotted floored building in pens of 16 or 24 
head allowing .77 m^ of finishing space/pig. Progeny groups entered the test station on 
the same day and were identified, vaccinated and randomly assigned by breed to test 
Table 1. Distribution of pigs across breeds, sex and test 
Test 1 Test 2 Total 
Breed 
Berkshire 
Chester White 
Duroc 
Hampshire 
Landrace 
Poland China 
Spotted 
Yorkshire 
46 
82 
92 
100 
35 
55 
81 
139 
36 
8 
106 
68 
67 
36 
45 
131 
82 
90 
198 
168 
102 
91 
126 
270 
Sex 
Barrows 
Gilts 
371 
259 
284 
213 
655 
472 
TOTAL 630 497 1,127 
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pens. A progeny group was placed on test officially when it averaged 31.8 kg. A 16% 
crude protein corn-soybean meal diet containing 3% added fat was fed ad libitum 
throughout the test. Pigs were weighed off test on an individual basis at weekly 
intervals upon reaching a weight > 103 kg or when two or fewer animals remained in a 
given pen. 
The ultrasonic protocol was designed to evaluate each pig at or near 4 target 
weights (Scan 1: 63.5 kg, Scan 2; 77.1 kg, Scan 3: 90.7 kg. Scan 4: 103.0 kg). Pigs 
were weighed and scanned at weekly intervals to minimize weight differences within 
scan periods. Weights and ranges for scan periods are described in Table 2. An 
ALOKA 500V (Corometrics Medical Systems, Wallingford, CT) real-time ultrasonic 
machine equipped with a 12.5 cm, 3.5 MHz linear array transducer was used. 
Captured ultrasonic images, containing animal identification and date, were recorded on 
a video tape using a standard one-half inch VHS video tape recorder for interpretation at 
a later date. 
Pigs were restrained in a scanning crate to standardize and speed image 
collection technique. Vegetable oil was used as a sound conducting material for 
transmission of sound waves between the transducer and skin. Ultrasonic images for 
measurement were taken along the dorsal midline at the last rib (LR) and last lumbar 
vertebra (LL) (anterior edge of the gluteus medius) with the transducer centered 
longitudinally at the probe site. A cross-sectional image of the loin muscle (LMA) and 
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Table 2. Distribution average weight and weight range for serial real-time ultra­
sonic scan measurements 
Period N X(SD),kg Range, kg 
Scan 1 1107 67.4 (3.0) 63.6 - 76.8 
Scan 2 1115 80.3 (2.6) 77.3 - 90.0 
Scan 3 1121 93.4 (2.2) 90.9 - 101.4 
Scan 4 1121 104.9 (2.4) 90.9 - 113.6 
overlying fat (BFIO) on the right hand side of the pig near the tenth rib was obtained 
using a sound emitting transducer guide (Superflab, Mick Radio Nuclear Instruments, 
Inc., Bronx, NY) conforming to the curvature of the pigs back. 
Recorded images were interpreted using Medmorph (Woods Hole Educational 
Associates, Woods Hole, MA), a software package developed to allow measurement of 
linear distance and area on captured images and subsequent recording to a data base. 
LR and LL were measured as the distance from the outer edge of the skin to the start of 
the fascia layer in the center of the ultrasonic image. BFIO was measured at a point 3/4 
the distance along the loin muscle from the edge of the loin to the outer edge of the 
skin. Ultrasonic fat depths were measured to the nearest 0.2 mm, and LMA was 
measured to the nearest .06 cm^. 
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Upon completing the test, pigs were transported and slaughtered at Hormel Co., 
Austin, MN for carcass evaluation. Carcass measurements were taken by Iowa State 
University personnel following a 2-hour rapid chill. Standard carcass collection 
procedures, as outlined in Procedures To Evaluate Market Hogs (NPPC, 1991, 3rd ed.), 
were followed. Carcass LR, LL and BFIO backfat depths were measured on the 
hanging carcass to the nearest 1.27 mm. Carcass tenth rib loin muscle area was 
measured from acetate tracings using a standard pork grid (ISU Extension Service, AS-
235) and measured to the nearest .32 cm^. 
Statistical analysis 
A least squares analysis of variance procedure using a general linear models 
(SAS, 1985) was used to evaluate dependent scan and carcass measurements for sources 
of variation, including effects of test, sex, breed and all possible interactions. Two and 
three factor interactions were nonsignificant and dropped from the model (P> .20). 
Pearson product-moment correlation coefficients were used to analyze relationships 
between and among serial scan and carcass measurements. Residual correlation 
coefficients, accounting for test, sex and breed, were obtained using multiple trait 
analysis of variance (MANOVA) procedures (SAS, 1985) for all traits. 
Accuracy assessments of ultrasonic and carcass BFIO and LMA when taken at 
corresponding slaughter weights were further assessed using created variables in an 
attempt to evaluate differences between ultrasonic and carcass measurements. The 
created variables include: 
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FDIFF=(Carcass BFIO-Ultrasound BFIO) 
FDEV=( I Carcass BFIO-Ultrasound BFIO ] ) 
PFDEV=(( I Carcass BFIO-Ultrasound BFIO | )/Carcass BFIO) * 100 
LDIFF=(Carcass LMA-Ultrasound LMA) 
LDEV=( I Carcass LMA-Ultrasound LMA | ) 
PLDEV=(( I Carcass LMA-Ultrasound LMA [ )/Carcass LMA) * 100 
Created variables (FDIFF, FDEV, PFDEV, LDIFF, LDEV, PLDEV) were analyzed 
using least squares procedures (SAS, 1985) in a manner similar to that for carcass and 
ultrasonic measurements. Least squares means and standard errors were calculated for 
test, sex and breed. Breed effects were tested using sire nested within breed as the 
error term. Difference means (FDIFF and LDIFF) measure the amount and direction of 
bias, whereas (FDEV and LDEV) measure the absolute value of the difference between 
ultrasonic and carcass measurements. Percentage variables (PFDEV and PLDEV) 
express the fat and muscle deviations as a percentage of the carcass measurement. 
Accuracy of ultrasonic and carcass BFIO and LMA measures were also 
compared within specific ranges of the carcass measurement to determine whether 
ultrasonic accuracy differences depend on the relative magnitude of the carcass 
measurement. Carcass BFIO and LMA were broken into 3 categories, each 
representing approximately one third of the observations based on normally distributed 
carcass measurements. Fat and loin categories were as follows: 
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FATCAT 1: Carcass BFIO < 24.1 mm 
2: Carcass BFIO > 24.1 and < 30.3 mm 
3: Carcass BFIO > 30.3 mm 
LMACAT 1: Carcass LMA < 32.5 cm^ 
2: Carcass LMA > 32.5 and < 37.9 cm^ 
3: Carcass LMA > 37.9 cm^ 
The final assessment of accuracy evaluated was the standard error of prediction 
(SEP). Robinson et. al. (1992) described this statistic as the primary measure of real­
time ultrasounds ability to accurately rank or predict differences between animals 
correctly. The statistic is calculated by squaring the differences between ultrasonic and 
carcass measures after adjustment for bias, and is thought to be more appealing than 
other statistics because a few large errors are properly considered more serious than 
numerous small errors (Robinson et. al, 1992). This statistic is currently used as one 
criierion for certification of real-time ultrasonic technicians for swine and beef cattle. 
The statistic is described as follows; 
SEPFAT = standard error of prediction, tenth rib backfat 
j (Carcass-Ultrasound-Bias 
N N-1 
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SEPLMA = standard error of prediction, tenth rib loin muscle area 
^ (Carcass-Ultrasound-Bias 
N-1 
*Bias = Average bias within a subset. 
Results and Discussion 
Means and ranges for serial ultrasonic and carcass measurements are presented 
in Table 3, Variation, as measured by the overall standard deviation, increased for 
BFIO, LR, LL and LMA as live weight increased, as one might expect given 
differences in maturity patterns for the different breeds and sexes of pigs. Comparing 
carcass and Scan 4 ultrasonic measurements for BFIO, LR and LL when taken at the 
same live weight, shows Scan 4 measurements tend to underestimate the corresponding 
carcass measurements by 1.1, 8.6 and 6.5 mm, respectively. Moeller (1990) reported 
mean differences of 2.0, 7.9 and 0.9 mm, for BFIO, LR and LL, respectively in 
serially scanned market hogs. The standard deviations and ranges of LR and LL 
backfat for Scan 4 ultrasonic measurements were much smaller than the carcass 
measurements, indicating ultrasound at these locations did not detect the variation 
present in the carcass values. The standard deviation for BFIO at Scan 4 and on the 
corresponding carcass were very similar, with only a slightly smaller range for the 
ultrasound measure. Scan 4 LMA measurements were on the average 0.3 cm^ larger 
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Table 3. Means, standard deviations (SD) and ranges of ultrasound and carcass 
measurements of backfat and loin muscle area 
Measurement Period ^ 
Trait^ Scan 1 Scan 2 Scan 3 Scan 4 Carcass 
BFIO 
mean 16.1 18.6 
SD 4.0 4.5 
range 7.1-37.1 7.9-41.4 
LMA 
mean 24.4 28.5 
SD 3.3 3.9 
range 14.7-36.8 17.9-42.8 
LR 
mean 14.3 16.8 
SD 3.0 3.4 
range 5.1-26.2 6.6-29.0 
LL 
tllcEll 10./ 
SD 3.6 3.9 
range 7.6-37.6 9.9-40.6 
22.4 26.1 27.2 
5.4 6.3 6.9 
10.4-44.2 10.4-52.3 7.6-55.9 
32.3 35.5 35.2 
4.3 4.5 6.0 
21.0-50.5 22.7-51.2 19.4-58.1 
19.3 21.6 30.2 
4.0 4.3 5.5 
9.4-34.8 9.9-38.1 12.7-50.8 
24.1 26.5 33.0 
4.2 4.7 6.7 
11.7-39.4 13.5-45.5 12.7-63.5 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
^BFIO = tenth rib, 3/4 point, backfat thickness, mm; LMA = tenth rib loin muscle 
area, cm^; LR = midline last rib backfat thickness, mm; LL = last lumbar vertebra 
backfat thickness, mm. 
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than the carcass mean value with a standard deviation 1.5 cm^ smaller and an overall 
measurement range smaller than the carcass. 
Significance levels from an analysis of variance using the General Linear Models 
Procedure (GLM) of SAS (1985) are presented for BFIO and LMA (Table 4) and LR 
and LL (Table 5) for independent variables included in the analysis model for serial 
scan and carcass measurements. GLM F-values are presented in Appendix tables 16 
and 17 for BFIO and LMA and LR and LL, respectively. Two and three factor 
interactions were not significanat (P > .20) and were removed from the analysis. Test 
was significant (P<.05) for BFIO during scan periods one, three and four and was 
significant (P< .001) for LR backfat in scan period one. These results are primarily 
due to the origin of pigs from different herds, sires and different breed composition 
across the tests. Breed and sire within breed were highly significant (P< .(K)l) for 
BFIO, LR, LL and LMA across all scan and carcass measurements with the exception 
of breed for carcass LR backfat. Breed and sire within breed differences would be 
expected given differences in selection goals of various breeds and of breeders. 
Barrows and gilts differed significantly (P< .001) for all ultrasonic and carcass traits 
measured, with the gilts being leaner with larger loin muscle areas across all 
measurements. Least squares means and standard errors and for BFIO (Table 18), 
LMA (Table 19), LR (Table 20) and LL (Table 21) by test, sex and breed are presented 
in the Appendix. 
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Table 4. Significance levels for sources of variation for serial ultrasound and 
carcass tenth rib backfat (BFIO) and tenth rib loin muscle area (LMA) 
Sources of Variation 
Measurement Sire 
Traita Period'' Test Sex Breed (Breed) 
BFIO Scan 1 * *** *** *** 
Scan 2 *** 
Scan 3 3|C *** 
Scan 4 3tC3K3|e 3tc9fea|c 
Carcass *** *** 
LMA Scan 1 * *** :(e:|c3(c 3K^3fC 
Scan 2 3iC3fC3(e *** 
Scan 3 *** 9(e9(ea(e *** 
Scan 4 + *** *** 
Carcass *** *** 
^BF10= fourth rib, 3/4 point backfat; LMA=tenth rib loin muscle area. 
''Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic s£an, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
+P<.10. 
*P<.05. 
***P<.001. 
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Table 5. Significance levels for sources of variation for serial ultrasound and 
carcass midline last rib (LR) and last lumbar vertebra (LL) backfat 
measurements 
Sources of Variation 
Measurement Sire 
Trait^ Period'' Test Sex Breed (Breed) 
Scan 1 **• *** *** *** 
Scan 2 *** *** *** 
Scan 3 ** *** *** 
Scan 4 *** *** *** 
Carcass *** *** 
LL Scan 1 
Scan 2 
Scan 3 
Scan 4 
Carcass 
^LR=midline last rib backfat; LL=midline last lumbar vertebra backfat. 
^Scan 1 = Ultrasonic scan, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass — Carcass measurement, x = i04.9kg live weight. 
+P<.10. 
**P< .01. 
***P<.001. 
*** 
9|c aleak 
*** 
atc9k3fc 
aft aft 
afcaie* 
**# 
**aK 
**# 
)fc3k:k 
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Product-moment correlation coefficients among serial ultrasonic and carcass 
measurements on a total and residual basis are presented in Table 6. Residual 
correlations were calculated after accounting for test, sex and breed differences. 
Adjustments for the known sources of variation reduced the Pearson correlation 
coefficients by between .02 and .06 for most relationships. Correlation coefficients for 
a given trait were generally highest among adjacent scan measurement periods, and 
declined as the weight differences between scans increased. These reductions may be 
expected given that, as the distance between scan measurements increased, more 
variation from uncontrolled environmental sources is introduced. Smaller correlations 
were also found when comparing early scan measurements and the carcass 
measurement, with the ultrasonic scan at equivalent live weights having a consistantly 
higher correlation to the carcass measurement. McLaren et al. (1989) and Moeller 
(1990) reported similar findings among scan and carcass measurements taken during the 
finishing stage of production. 
Correlation coefficients among ultrasonic scans of midline LL backfat were 
consistently higher than those at the LR location. Moeller (1990) reported correlations 
ranging from .83 to .87 among adjacent LL scans and lower correlation coefficients for 
LR backfat. McLaren et ai. (1989) reponed partial correlations among serial real-time 
ultrasonic LR backfat during a similar stage of production ranging from .48 to .62, 
somewhat lower than the .69 to .80 presented in this study. The higher correlations at 
the LL location may be attributable to a more consistent transducer location because 
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Table 6. Residual^'^ and total^ correlation coefficients among serial ultrasonic and 
carcass measurements of backfat and loin muscle area (N = 1098) 
Measurement Period'' 
Trait^ Scan 1 Scan 2 Scan 3 Scan 4 Carcass 
BFIO Scan 1 .76 .69 .71 .66 
Scan 2 .81 .79 .79 .72 
Scan 3 .76 .84 .82 .75 
Scan 4 .77 .84 .87 .82 
Carcass .74 .79 .82 .87 
LMA Scan 1 .61 .59 .58 .57 
Scan 2 .67 .68 .68 .65 
Scan 3 .66 .74 .70 .67 
Scan 4 .65 .74 .76 .68 
Carcass .63 .70 .72 .74 
LR Scan 1 .75 .69 .69 .53 
Scan 2 .77 .77 .78 .60 
Scan 3 .70 .80 .80 .60 
Scan 4 .70 .80 .83 .66 
Carcass .56 .63 .63 .69 
LL SCoIi 1 .83 .81 .79 .61 
Scan 2 .85 .85 .84 .67 
Scan 3 .83 .88 .87 .69 
Scan 4 .82 .87 .90 .73 
Carcass .65 .70 .73 .75 
^Residual correlations above diagonal, total product-moment correlations below. 
^Adjusted for breed, sex, and test. 
^Scan 1 = Ultrasonic s^, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
^BFIO = tenth rib, 3/4 point, backfat; LMA = tenth rib loin muscle area; LR = 
midline last rib backfat, LL = midline last lumbar backfat. 
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measurement is obtained at the anterior junction of the gluteus medius muscle, a readily 
discernible location on the ultrasound image. 
Residual correlations among serial measures of LMA followed a similar pattern 
as those of backfat. Measurements at adjacent scan periods were the most highly 
correlated, and larger correlations between ultrasonic and carcass measurements existed 
as weight differences decreased. McLaren et al. (1989) showed a decline in partial 
correlations between adjacent scan measurements of last rib loin muscle area as weight 
of the animal increased, a trend opposite to that observed in this study. Moeller (1990) 
reported residual correlations ranging from .45 to .62 for serial ultrasonic LMA scans 
on pigs of similar weight. 
Comparisons of Scan 4 and carcass LR residual correlation (r =.66) with 
literature estimates reveals a somewhat smaller coefficient than previous reports for 
real-time ultrasonically measured backfat. Lopes et al. (1987), Forrest et ai. (1989), 
McLaren et al. (1989) and Turlington (1990) reported correlations of .85, .75 to .89, 
.55 and .90, respectively, for real-time LR backfat. These studies however, do not 
report whether ultrasonic and carcass measurements were taken at corresponding 
locations, i.e., midline vs. off-midline locations which may influence the magnitude of 
the correlation coefficient. Variability in midline carcass fat depth is influenced by 
carcass splitting and variation among people in determination of the fat/fascia interface 
when measuring fat depth on the carcass. These concerns and knowledge that midline 
51 
ultrasonic measurements are influenced by animal movement and arching of the 
backbone may explain the lower correlations and large mean differences between 
ultrasonic and carcass LR depth. 
A residual correlation between Scan 4 and carcass LL backfat of .73 is of similar 
magnitude as that reported by Busk (1986) who found correlations in the range of .67 to 
.73. Forrest et al. (1989), Moeller (1990) and Turlington (1990) reported correlations 
of .85, .69 and ,90, respectively, for real-time LL backfat. Measurements at the 
anterior gluteus medius do not always correspond to the LL location on the carcass and 
may be the reason for lower correlations. 
The total correlation between corresponding carcass and ultrasonic measurements 
of BFIO was .87 and was .82 on a residual basis (Table 6). These correlations were 
larger than the LR and LL correlations for corresponding scan and carcass 
measurements reported in this study. Many researchers including Price et ai. (1960a), 
Mersmann (1982a), Forrest et al. (1986), Busk (1986) and Lopes et al. (1987) reported 
correlations at the tenth rib location to be highest with actual carcass measurements. 
More recent accuracy reports for real-time ultrasonic BFIO indicated correlations of .71 
(Forrest et al., 1989), .55 (McLaren et al., 1989), .80 to .89 (Lopes et ai., 1987) and 
.88 to .93 (Turlington, 1990) with carcass measures. These reports compare quite 
favorably with the total correlation (r = .87) from this study. Moeller (1990) reported 
a residual correlation of .82 in a similar experiment using crossbred market hogs. 
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The residual correlation of .68 and Pearson correlation of .74 between ultrasonic 
and carcass LMA are similar to the .65 to .68 reported by Forrest et al. (1989) and the 
.73 reported by Moeller (1990). Lopes et al. (1987) reported a range of correlations 
from .27 to .70 for LMA while Turlington (1990) reported correlations in the range of 
.91 to .93 for LMA in pigs. This wide range in correlations between studies shows 
why perceived accuracy of ultrasound measurements for LMA, when comparing 
correlations across studies, has been a topic of interest in the swine industry. 
Correlations for LMA have been consistently shown to be lower in magnitude than 
those reported in the literature for BFIO and other backfat measurements. 
McLaren et al. (1991) noted operator variance accounted for 35% of the total 
LMA scan variance and only 1% of total variance for BFIO in a study designed to 
assess accuracy of real-time ultrasound across multiple operators. They also noted large 
differences in interpretation capabilities when comparing operators. Experienced 
technicians were capable of interpreting images from multiple operators with a higher 
degree of accuracy than the operator who collected the scan image. Based on personal 
experience, proper anatomical location of the transducer relative to the actual tenth rib 
of the pig plays a large role in accuracy of LMA measurements. 
In a review article, Roughton and Turlington (1992) reported lhat correlation 
coefficients are useful in certain situations, but limitations associated with this method of 
reporting accuracy must be addressed. These limitations include 1) the fact that 
population variation influences correlation coefficients (i.e., a larger than normal 
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variation will produce high correlations, where as a uniform population will result in 
much lower correlation coefficients), 2) correlation coefficients do not reflect bias (i.e., 
an ultrasonic technique that consistently over or underestimates measurements) and 3) 
correlation coefficients are not easily understood by producer groups. Based on these 
limitations, accuracy of BFIO and LMA from Scan 4 and the corresponding carcass 
measurement were analyzed using statistical techniques described by Houghton and 
Turlington (1992) and Robinson et al. (1992). 
Significance levels from an analysis of variance of created variables (FDIFF, 
FDEV, FDEV, LDIFF, LDEV, PLDEV) are presented in Table 7. Test effects were 
significant for FDEV (P<.05) and PFDEV (P<.01) indicating the absolute value of 
differences or average error differed across the tests. Bias in backfat (FDIFF) and loin 
muscle area (LDIFF) were not different over the two tests, indicating little or no 
operator bias across time. Sex effects were significant (P< .(X)l) for LDIFF but not for 
FDIFF (P>. 10) indicating sex was an important source of bias for LMA. Breed bias 
was observed for FDIFF and LDIFF (P< .001) and only approached significance 
(P< .10) for FDEV and LDEV, indicating that although bias differences exist for 
different breeds, the absolute deviations overall and as a percentage of the carcass value 
are not different across breeds. Significant sire within breed effects (P < .05) for 
LDIFF, LDEV and PLDEV indicate that LMA of particular sire progeny groups in a 
breed were more accurately measured the others, whereas no accuracy differences were 
observed for BFIO of different sires. 
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Table 7. Significance levels for difference and deviation variables used to predict 
accuracy of ultrasonic measurements in relation to carcass measurements 
of tenth rib backfat and loin muscle area 
Source of Variation 
Variable^ Test Sex Breed 
Sire 
(breed) 
FDIFF *** 
FDEV * + 
PFDEV iti 
LDIFF #»* *** 
LDEV + + ** 
PLDEV :tc 
^FDIFF = (Carcass - Ultrasound tenth rib backfat); FDEV = | Carcass -
Ultrasound tenth rib backfat | ; PFDEV = [ [ Carcass - Ultrasound tenth rib back­
fat I /Carcass tenth rib backfat]*100; LDIFF = (Carcass - Ultrasound loin muscle 
area); LDEV = ] Carcass - Ultrasound loin muscle area | ; PLDEV = [ [ Carcass -
Ultrasound loin muscle area \ /Carcass loin muscle area]*l(X). 
+P<.10. 
»P<.05. 
**P<.01. 
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Least squares means for FDIFF, FDEV, and PFDEV are presented in Table 8. 
The overall average FDIFF (bias) was 1.15 mm in this test, a value similar to the 
1.0 mm underestimation of carcass BFIO reported by Turlington (1990) when a hanging 
carcass measurement was compared to an ultrasonic measurement. Moeller (1990) 
reported a 2 mm ultrasonic underestimation of BFIO compared to the hanging carcass 
measurement. Gilts were underestimated slightly, although not significantly more than 
barrows. Breed biases were consistently negative and ranged from 0.57 to 2.58 mm. 
Smith et al. (1992) reported a 4.67 mm and 4.06 mm underestimation of gilts (N=28) 
and barrows (N=28), respectively, for tenth rib backfat depth. No research comparing 
breed biases were found in the literature. 
The mean FDEV (2.77 mm) represents the average absolute deviation between 
ultrasonic and carcass BFIO. FDEV in test 2 was significantly larger than in test one, 
but after accounting for bias, the FDEVs are virtually identical in magnitude. Breed 
deviations ranged from 2.47 to 3.72 mm, with the largest FDEV in the Chester White 
breed, a breed which also exhibited the most downward bias (2.58 mm). Lopes et al. 
(1987) reported absolute deviations ranging from 1.9 to 5.77 mm a group of 98 
crossbred pigs and Smith et al. (1992) reported average absolute deviations of 4.11, 
5.43 and 4.79 mm for pigs slaughtered at 91 kg, 104.5 kg, and 118 kg, respectively. 
Evaluating FDEV as a percentage of the carcass value shows test 1 deviations were 
7.2% of the carcass measurement compared to 14.6 % of the carcass in test 2, a highly 
significant difference (P< .01). 
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Table 8. Least squares means and standard errors of difference and deviation 
variables for tenth rib backfat thickness across test, sex and breed 
Variable^ 
FDIFF.mm FDEV,mm PFDEV, % 
Test^ 4c 
1 0.59 ± .48 2.11 ± .33 7.2 ± 1.2 
2 2.18 ± .66 3.75 ± .45 14.6 ± 1.6 
Sex^ * 
Barrow 1.27 ± .17 3.03 ± .12 10.4 + .4 
Gilt 1.50 ± .19 2.83 ± .13 11.6 ± .5 
Breed^ *** + 
Berkshire 0.70 ± .39^ 2.86 ± .27 10.6 ± 0.9 
Chester White 2.58 ± .59^ 3.72 ± .41 12.4 ± 1.4 
Duroc 0.57 ± .25^ 2.87 ± .17 10.4 ± 0.6 
Hampshire 0.89 ± .29^ 2.87 ± .20 12.9 ± 0.7 
Landrace 2.20 ± .34^ 2.95 ± .26 10.5 ± 0.9 
Poland China 1.45 ± .37^ 2.77 ± .25 10.6 ± 0.9 
Spotted 1.76 ± .35^ 2.92 ± .24 10.6 ± 0.9 
Yorkshire 0.93 ± .22^ 2.47 ± .15 9.9 ± 0.5 
Overall 1.15 ± .03 2.77 + .08 10.3 ± 0.3 
^FDIFF = (Carcass - Ultrasound tenth rib backfat); FDEV = j Carcass - Ultra­
sound tenth rib backfat]; PFDEV = [jCarcass - Ultrasound tenth rib backfat]/Carcass 
tenth rib backfat]* 100. 
''Significance levels for effects in the model for each trait. 
'''^Means in a row without common superscripts differ (P< .05). 
+P<.10. 
*P<.05. 
»*P<.01. 
*»*P<.001. 
57 
Frequency distributions of FDEV in Table 9 represent the cumulative percent of 
ultrasonic measurements within 1 mm increments of the carcass measurement. 
Ultrasonic BFIO was within 3 mm, 62.8% of the time. Christian and Moeller (1990) 
reported a similar distribution of deviations on a group of 729 market hogs (76% within 
4 mm of the carcass measurement). Literature estimates range from 89% within 5 mm 
(Lopes et al., 1987) to 75% within .25 mm (Turlington, 1990). The results of this 
study are somewhat poorer than those reported by Turlington (1990), who evaluated 
only 75 pigs. 
Table 10 contains least squares means for LDIFF, LDEV and PLDEV. Test 
effects were not significant, although the direction of bias changed across the two tests 
with a slight overestimation in test 1 (-.56 cm^) and underestimation in test 2 (.72 cm^) 
and only a slight mean upward bias. Loin muscle area was significantly (P<.001) 
Table 9. Frequency distribution of absolute deviations between carcass and 
ultrasound tenth rib backfat 
Absolute Cumulative 
deviation, mm N % 
±1 236 21.5 
±2 252 44.4 
±3 201 62.8 
±4 144 75.9 
±5 97 84.7 
±6 168 100.0 
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Table 10, Least squares means and standard errors of difference and deviation 
variables for tenth rib loin muscle area across test, sex and breed 
Variable^ 
LDIFF,mm LDEV,mm PLDEV,% 
Test^ 
1 -.56 ± .50 
2 .72 ± .68 
Sexb 
Barrow -.75 ± .18 
Gilt .91 ± .20 
Breed^ *** 
Berkshire 0.07 ± .40®'' 
Chester White -1.69 ± .62° 
Duroc -1.10 ± .26^ 
Hampshire 1.77 + .30® 
Landrace 0.37 ± .39 
Poland China 1.20 ± .38®'^ 
Spotted 0.37 ± .36®' 
Yorkshire -0.38 ± .23® 
Overall -.26 ± .01 
3.11 ± .34 8.9 ± 1.1 
3.46 ± .47 9.8 ± 1.4 
-1-
3.14 ± .12 9.7 + .4 
3.44 ± .14 9.1 ± .4 
-i-
2.92 ± .28 8.9 ± 0.8 
3.03 ± .43 9.6 ± 1.3 
3.03 ± .18 9.4 ± 0.5 
3.53 ± .21 8.7 ± 0.6 
3.29 ± .27 9.2 ± 0.8 
4.12 ± .26 10.7 ± 0.8 
3.34 + .25 9.7 ± 0.8 
-J n/i -L 1A 
.XV 8.9 ± A C 
3.20 ± .09 9.3 ± 0.3 
^LDIFF = (Carcass - Ultrasound loin muscle area); LDEV = | Carcass - Ultra­
sound loin muscle area]; PLDEV = [)Carcass - Ultrasound loin muscle area]/Carcass 
loin muscle area]*100. 
i_ 
"Significance levels for effects in the model for each trait. 
c,d,e,f^gans in a column without common superscripts differ (P< .05). 
-I-P<.10. 
***P<.001. 
59 
overestimated in barrows (-.75 cm^) and underestimated in gilts (.91 cm^). Smith et al. 
(1992) reported an overestimation for tenth rib LMA of .661 cm^ in gilts and 1.06 cm^ 
in barrows on a sample of 56 market hogs. LDIFF across breeds was also different 
(P< .001) ranging from -1.69 to 1.77 cm^. This trend across breeds follows a pattern 
similar to that of sex effects, in that carcass LMA of breeds having large LMAs are 
underestimated and the breeds having smaller average carcass LMAs overestimated. 
Average LDEV in the study was 3.20 cm^ with sex and breed effects 
approaching significance (P< .10). The LDEV for gilts was slightly higher than that of 
barrows and breed deviations were generally consistent in the data set with the 
exception of the Poland China breed where the average LDEV was 4.12 cm^. PLDEV 
averaged 9.3% across the two tests with no significant test, sex or breed effects and was 
of similar magnitude to that for PFDEV (10.3%). Smith et al. (1992) reported absolute 
deviations of 2.34, 2.33 and 3.83 cm^ on approximately 18 pigs slaughtered at 91, 
104.5 and 118 kg live weights, respectively. 
Frequency distributions of LDEV are presented in Table 11. Ultrasonic 
measurements were within 3.23 cm^ of the carcass value 57.7% of the time, and within 
6.45 cm^, 89.8% of the time. Turlington (1990) reported 85% of ultrasonic LMA 
measurements within 2.50 cm- of the carcass value. The results indicate LMA accuracy 
is highly operator dependent. 
The Standard Error of Prediction (SEP) is one of the major criterion used to 
certify ultrasound technicians for backfat and loin muscle area. SEPs have the 
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Table 11. Frequency distribution of absolute deviations between carcass and 
ultrasound tenth rib loin muscle area 
Absolute Cumulative 
deviation, cm^ N % 
±3.23 634 57.7 
±4.84 218 77.6 
±6.45 134 89.8 
±9.68 85 97.5 
±12.90 24 100.0 
advantage over mean absolute differences (FDEV and LDEV) because, by squaring 
differences, a few large errors are properly considered more serious than a greater 
number of smaller errors (Robinson et al., 1992). Bias differences across particular 
subsets of interest are also corrected in the calculation of SEP, making it a more 
predictive statistic for evaluation of operator error. 
Standard errors of prediction for BFIO and LMA are presented in Table 12. The 
overall SEPFAT was 3.46 mm, a value within NSIF guidelines for ultrasonic 
certification of technicians established in 1993. The SEPFAT was smaller for test 1 and 
for gilts compared to test 2 and measurements on barrows. The SEPLMA was 4.04 
cm^ across the entire data set and slightly smaller for barrows (3.77 cm^) than gilts 
(4.22 cm^). NSIF certification standards for LMA were 3.22 cm^ for the 1993 swine 
certification clinic (Bates et al., 1994). No literature estimates involving SEP as a 
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Table 12. Standard errors of prediction^ for ultrasonic tenth rib backfat and loin 
muscle area for the prediction of carcass values 
N SEPFAT, mm SEPLMA, cm^ 
Test 
1 626 3.61 3.99 
2 474 3.21 3.87 
Sex 
Barrow 641 3.60 3.77 
Gilt 457 3.19 4.22 
Overall 1100 3.46 4.04 
^SEPFAT = standard error of prediction, tenth rib backfat 
52 (Carcass-Ultrasound-Bias*)^ 
St^LMA = standard error of prediction, tenth rib loin muscle area 
I •£ (f:arc<i^-Ultrasound-Bias.f N-l 
*Bias = Average bias within a subset. 
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measure of accuracy for swine ultrasound have been reported, but based on current 
NSIF standards BFIO accuracy in this study is within requirements while that for LMA 
exceeded the standard by 0.82 cm^. 
Research reports of ultrasound measurements in beef cattle have shown that fat 
and muscle accuracy assessments are affected by the magnitude of the carcass 
measurements (Perkins et al., 1992; Robinson et al., 1992; Smith et al., 1992; Waldner 
et al., 1992). The general conclusions from these studies were that ultrasound fat 
overestimates carcass fat on lean animals and under predicts carcass fat on fat animals. 
Ultrasonic loin muscle area was also found to be overestimated on cattle with smaller 
LMA's and underestimated in carcasses with larger LMA's. Based on this premise, 
BFIO and LMA were broken down into three carcass measurement categories with 
approximately equal numbers of observations assigned to each category. The data were 
subsequently analyzed within categories for the pre-defined variables. 
Table 13 lists the least squares means and significance levels from an analysis of 
variance for created variables within designated carcass BFIO categories (FATCAT). 
FDIFF and FDEV were significantly different (P<.001) across FATCAT as was 
PFDEV (P< .05). FDIFF was negative in the smallest FATCAT and quite large (2.81 
mm) in the highest FATCAT suggesting that bias is influenced by the relative fatness of 
the carcass, with more bias occurring in fatter animals and a trend toward increasing the 
amount of underestimation bias as the carcass fat increases. FDEV follows the same 
pattern as FDIFF, increasing with increased carcass fat and approaches the cutoff level 
63 
Table 13. Least squares means and standard errors for tenth rib backfat difference 
and deviation variables by carcass fat category 
Variable^ 
N FDIFF,mm FDEV, mm PFDEV, % 
FATCAT^'^ * 
<24.1mm 343 -0.57 ± .19^ 2.12 ± .13^ 11.0 ± .5^ 
>24.1 & < 30.3mm 359 1.04 ± .17® 2.47 ± .12® 9.4 ± .4® 
> 30.3mm 396 2.81 ± .18^ 3.62 ± .13^ 10.6 ± .5^'® 
^FDIFF = (Carcass-Ultrasound backfat); FDEV = ]Carcass-Ultrasound backfat]; 
PFDEV = [[Carcass-Ultrasound backfat]/Carcass backfat]*100. 
^FATCAT = Carcass backfat categories. 
^Significance levels for effects in the model for each trait. 
^'®'%'ean5 in a column without a common superscript differ (P< .05). 
*P<.05. 
**P<.00i. 
required for certification under NSIF guidelines, PFDEV on the other hand, is the most 
consistent across the fat classes with the lowest deviation within the intermediate 
category. PFDEV were generally consistent across groups, however, indicating error 
was relative to the mean backfat of the group. Based on these values we can see that 
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fat level does influence the accuracy of ultrasonic measurements, but no conclusions 
can be drawn from this data indicating why this occurs. Mersmann (1982b) reported 
that fat may shift on the hanging carcass, resulting in erroneous measurements, but the 
relationship of fat movement on the carcass as it relates to fat thickness is not known. 
Least squares means and significance levels for created variables used to assess 
LMA accuracy within specified carcass ranges are presented in Table 14. Bias in LMA 
measurements within LMACAT were different (P<.001), showing ultrasound over­
estimates the carcass value in the small range and underestimates LMA in the larger 
LMACAT. This trend is similar to the sex effect found for LDIFF where barrows with 
smaller average LMAs were overestimated and gilts with a larger LMA on the average 
were underestimated. LDEV and PLDEV also differed (P< .001) across LMACATs 
with the highest level of accuracy occurring in the intermediate range. The ranges in 
bias and absolute deviation across LMACATs show a tendency for the ultrasound 
measurement to be less variable than carcass value, which is also consistent with the 
range and standard deviation for ultrasonic and carcass LMA described in Table 3. 
Tnere may be a tendency for ultrasonic image interpreters to unknowingly attempt to 
correct seemingly small or excessively large LMAs based upon knowledge of the weight 
of the animal they are scanning, thus introducing some degree of inaccuracy into the 
data. Images interpreted by a trained technician, who knows nothing of the origin of 
the scan information may not exhibit as much bias or absolute error. 
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Table 14. Least squares means and standard errors for tenth rib loin muscle area 
difference and deviation variables by carcass loin muscle area categories 
Variable^ 
N LDIFF.cm^ LDEV,cm2 PLDEV,% 
LMACAT^ 
<32.5cm2 385 -2.35 .18^ J.JO + .14^ 11.6 ± .4d 
>32.5 & <37.9cm2 381 0.23 ± .16® 2.52 ± .12® 7.2 ± .4® 
>37.9cm2 332 2.29 ± .19^ 3.78 ± .14^ OO
 
1
+
 
.4f 
^LDIFF = (Carcass - Ultrasound loin muscle area); LDEV = | Carcass - Ultra­
sound loin muscle areaj; PLDEV = [| Carcass - Ultrasound loin muscle area]/Carcass 
loin muscle area] *100. 
^LMACAT = Carcass loin muscle area categories. 
^Significance levels for effects in the model for each trait. 
^'®'^Means in a column without a common superscript differ (P< .05). 
»»»?<.001. 
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Comparison of the SEP for BFIO and LMA within designated carcass fat and 
muscle categories (Table 15) shows that the lowest SEPs for BFIO occur in the two 
lowest FATCAT, and increases as the level of fat increased, similar to FDEV, with the 
largest SEP when carcass fat levels are greater than 30.3 mm. The SEP for LMA also 
increases as the size of the LMA increases, indicating ultrasound measures LMA more 
accurately based on this statistic when carcass LMA is less than 37.9 cm^. These 
results also indicate that correction for bias, particularly in the smallest LMACAT, 
resulted in an improved estimate of accuracy when compared to LDEV. For BFIO and 
LMA in the largest carcass designated categories, however, correction for bias did not 
increase the accuracy of ultrasonic measurements when compared to absolute deviations 
(FDEV and LDEV). These results are supported by the higher SEP for BFIO of 
barrows which were fatter on average and higher SEP for LMA on gilts which have a 
larger LMA on average. 
StoTidaTd errors of prsuiction for LMA within FATCA i ano Br lu with 
LMACAT follow an inverse pattern as BFIO and LMA increase. SEP for LMA within 
FATCAT decreases as the level of fat increases and SEP for BFIO decreases within 
LMACAT as the level LMA increases (i.e., LMA is measured more accurately in fatter 
animals and BFIO is measured mOie dvcUiciLCiy in lai^ci pigs^. 
Stewart and Schinkel (1990) reviewed genetic parameter estimates for BFIO and 
LMA and found a negative genetic correlation of -.35 between the traits which means 
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Table 15. Standard errors of prediction (SEP)^ for ultrasonic tenth rib backfat and 
loin muscle area for the prediction of carcass values 
FATCAT^ N SEPFAT, mm SEPLMA, cm^ 
<24.1mm 343 2.83 3.98 
>24.1 & < 30.3mm 359 2.98 3.55 
> 30.3mm 396 3.80 3.16 
LMACAT^ N SEPLMA, cm^ SEPFAT, mm 
<32.5cm2 385 2.91 3.54 
>32.5 & <37.9cm2 381 3.13 3.49 
>37.9cm^ 332 3.80 3.20 
^SEPFAT = 
52 (Carcass-Ultrasound-Bias*)^ 
N-1 
*Bias = Average bias within a subset. 
^FATCAT = Carcass backfat categories. 
^LMACAT = Carcass loin muscle area categories. 
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we could expect that animals with larger LMAs to have less fat and the converse, 
animals with more fat to have smaller LMAs, thus making this finding logical. 
Conclusions 
The data and results outlined in this paper indicate that measurements of backfat 
and loin muscle area taken at weights >63.5 kg are moderately correlated (r = .53 to 
75) with their corresponding carcass measurements and that the magnitude of the 
correlation's increases as the weight between measurements decreases. Scan 
measurements taken at live weight starting above 63 kg may permit producers to 
accurately apply two-stage selection to breeding stock for backfat thickness and loin 
muscle area. Ultrasonic BFIO seems to be slightly more accurate in assessing final 
carcass measurements than LR and LL backfat at lighter scan weights. Measurements 
of LMA between 80 and 93 kg were almost as accurate as the corresponding LMA 
measurement at 105 kg based on the correlations between these measurement periods. 
Backfat measured at the tenth rib showed the highest correlation with the carcass 
measurement at the corresponding location when taken at the same live weight. Last rib 
and LL backfat, taken over the dorsal midline were less highly correlated with carcass 
measurements and showed a large amount of downward bias when compared to the 
carcass measurements. These results are not consistent with literature estimates of 
correlations particularly those reported by Forrest et al. (1989) (r=.85) and Turlington 
(1990) (r=.83 to .90) for LR and LL backfat. Much of the difference in midline 
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measurements may be related to carcass splitting, variation in depth of fascia over the 
spinal column, and position of the ultrasonic probe relative to the carcass measurement. 
Ultrasonic measurements taken off-midline at the tenth rib location are more accurately 
measured on the live animal than LR and LL backfat, but comparisons of LR and LL 
backfat to the carcass when taken off-midline may improve the accuracy of these 
locations, but splitting of carcasses at these sites to measure the corresponding carcass 
measurement is not usually done in the industry. 
Alternative statistical measures used to further assess BFIO and LMA accuracy 
were found to be quite helpful in describing the sources of variation which influence the 
ultrasound procedure. Sex effects were found to influence bias in ultrasonic 
measurements of LMA, while not influencing bias for BFIO and absolute deviations for 
BFIO or LMA. Standard errors of prediction were, however, different for barrows and 
gilts for both BFIO and LMA. 
Breed effects were quite important for bias in LmA and BFIO wiih the degree of 
bias related to the average depth of fat and size of the loin muscle for a particular 
breed. No breed effects were found however when looking at the absolute deviations of 
ultrasonic measurements of BFIO and LMA. The breed differences seem to follow the 
same trends as sex differences, which seems logical given breed differences exist based 
on selection priorities for a particular breed and sex differences are relatively constant 
across breeds. 
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Magnitude of the carcass measurements were also very important in determining 
accuracy. Both BFIO and LMA were measured with higher degrees of accuracy when 
comparing approximately the bottom 2/3 of the population based on carcass 
measurements. The data suggest that extremes in carcass values are harder to measure 
accurately than are the intermediate values. One must remember, however, that 
carcasses are not measured without error (Rouse et al,, 1992; Robinson et al, 1992) and 
these measurements may be influenced by changes occurring during the chilling process 
(Mersmann, 1982b; Houghton and Turlington, 1992), The presence or absence of pale, 
soft and exudative (PSE) pork due in part to the influence of the stress gene frequency 
in the population may also influence the accuracy of LMA and BFIO measurements. 
Upon ribbing, the subcutaneous fat and loin muscle of a PSE carcass often do not 
readily maintain their shape and form due to the soft nature of the product. Hence, the 
loin muscle tends to expand when pressure is placed on the surface to obtain a 
m<aociiromont onH "fot tOTiHc trv V Auv w uvvujr AAViAi viiw 
measurement error more likely in these than a carcass of normal muscle quality. 
Implications 
I^ACiiltc thic ctiiHv Homr^nctrot^ tc mr\ro moocufoH fKpn T A 
a \f aaavAW tt kaicua h 
with real-time ultrasound methods, a finding which is consistent with most previous 
studies evaluating the accuracy of ultrasonic techniques. This report also suggests 
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potential causes of inaccuracy in measuring these two traits ultrasonically and provides a 
foundation comparison tool for establishment of ultrasonic guidelines for certification of 
personnel involved in scanning animals which provide data for national genetic 
evaluation programs of swine. 
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Appendix 
Table 16. GLM F-values^ for serial ultrasound and carcass tenth rib backfat (BFIO) 
and tenth rib loin muscle area (LMA) 
Sources of Variation 
Error 
Measurement Sire Mean 
Trait^ Period'^ Test Sex Breed (Breed) Square 
Scan 1 4.89» 171.31*** 7 24*** 5.00*** 7.38 
Scan 2 2.65 254.94*** 7.45*** 5.01* 9.62 
Scan 3 4.16* 347.95*** 6.85*** 13.54 
Scan 4 6.37* 446.42*** 7.06*** 4.67*** 17.81 
Carcass 1.45 314.13*** 6.88*** 4.21*** 23.35 
Scan 1 4.49* 107.50*** 5.29*** 4.13*** 6.34 
Scan 2 1.80 135.27*** 8.39*** 3.75*** 8.55 
Scan 3 1.89 171.72*** 7.08*** 3.87*** 10.51 
Scan 4 2.80+ 159.49*** 7.13*** 3.81*** 11.63 
Carcass 0.19 267.14*** 10.26*** 4.25*** 17.76 
^F-value for each source of variation with error mean square (SAS, 1989). 
^BF10= fourth rib, 3/4 point backfat; LMA=tenth rib loin muscle area. 
®Scan 1 = Ultrasonic sc^, x = 67,4kg; Scan 2 = Ultrasonic scm, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
+P<.10. 
*P<.05. 
»»*P<.001. 
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Table 17. GLM F-values^ for serial ultrasound and carcass midline last rib (LR) 
and last lumbar vertebra (LL) backfat measurements 
Sources of Variation 
Error 
Measurement Sire Mean 
Trait^ Period^ Test Sex Breed (Breed) Square 
Scan 1 10.66*** 33.51*** 4.51*** 4.42*** 5.06 
Scan 2 0.16 89.91*** 4.68*** 4.63*** 6.62 
Scan 3 0.34 164.88** 3.47*** 4 47*** 8.88 
Scan 4 0.01 202.0*** 3.68*** 4.64*** 10.08 
Carcass 0.0 115.30*** 1.18 2.95*** 21.35 
Scan 1 3.39+ 23.85*** 8.57*** 4.73*** 6.55 
Scan 2 1.97 67.65*** 8.68*** 5.07*** 7.78 
Scan 3 0.0 138.02*** 8.32*** 5.40*** 8.98 
Scan 4 0.22 169.05*** 8.83*** 5.13*** 10.65 
Carcass 3.34+ 87.36*** 3.70** 3.74*** 28.26 
^F-values for each source of variation and error mean square (SAS, 1989). 
^LR=midline last rib backfat; LL=midline last lumbar vertebra backfat. 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
+P<.10. 
•*P<.01. 
***P<.001. 
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Table 18. Least squares means and standard errors of tenth rib backfat (BFIO) for 
serial ultrasonic scan and carcass measurements by test, sex and breed 
Measurement Period^ 
Scan l,mm Scan 2,mm Scan 3,mm Scan 4,mm Carcass, mm 
Test^ * * 4c 
1 16.8±.4 19.2±.4 23.3±.5 27.4±.6 27.9±.7 
2 14.8±.5 17.6±.6 20.8±.7 23.8±.8 26.0±.9 
Sex^ m** *** 3(e3tC3K 
Barrow 17.0±.l 20.0±.2 24.3-I-.2 28.5±.2 29.7±.3 
Gilt 14.7±.2 16.8±,2 19.9±.2 22.7±.2 24.2±.3 
Breed^ *** *** *** 
Berkshire 16.8±.3^ 19.6±.4^ 23.2+.4^ 26.9±.5^® 27.6±.6^^^ 
Chester White 17.4±.5^ 20.5±.5<^ 24.2 ±.6^ 28.5±.7^ 31.0±.9g 
Duroc 17.0±.2'^ 19.5±.2^ 23.7+.3^^ 27.5 ±.3^ 28.0±.4^ 
Hampshire 12.9±.2^ 15.0±.3f 18.6±.3^ 21.5±.4f 22.41.4^ 
Landrace 15.1±.3® 17.6±.3^ 20.7±.4^ 24.5 ±.5^ 26.71.5^^^^ 
Poland China 15.8±.3^® 18.0±.3C® 21.6±.4C 24.9±.5C 26.4±.5Ci 
Spotted 15.8±.3'^® 18.9±.3'^® 22.9±.4^ 26.3 ±.4® 28.1 ±.5^® 
Yorkshire 15.8±.2^ 18.0±.2^ 21.6±.2^ 24.8±.3'^ 25.7±.3^ 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
''Significance levels for effects in the model for each trait. 
cdefghi^g^j in a column without a common superscript differ (P<.05). 
*P<.05. 
***P<.001. 
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Table 19, Least squares means and standard errors of tenth rib loin muscle area 
(LMA) for serial ultrasonic scan and carcass measurements by test, sex 
and breed 
Measurement Period^ 
Scan l,cm^ Scan 2,cm^ Scan 3,cm^ Scan 4,cm'^ Carcass,cm^ 
Test'' 
1 
2 
25.4±.4 
23.6±.5 
29.3±.4 
28.0±.6 
He 
33.1 ±.5 
31.7±.6 
* 
36.4±.5 
34.5±.7 
35.9±.6 
35.3±.8 
Sex'' *** »** 3te3tc:4c *** 
Barrow 
Gilt 
23.6±.l 
25.3 ±.l 
27.6±.l 
29.7±.2 
31.0±.2 
33.7±.2 
34.1 ±.2 
36.9±.2 
33.4±.2 
37.8±.2 
Breed'' *** *** *** 
Berkshire 
Chester White 
Duroc 
Hampshire 
Landrace 
Poland China 
Spotted 
Yorkshire 
23.3±.3C 
24.2±.4cd 
23.9+.2^ 
26.2+.2® 
24.8±.3<^ 
25.7±.3® 
23.8±.3^ 
23.8±.2'^ 
26.6±.3g 
28.8±.5<^^® 
27.8 ±.2^ 
31.3±.2^ 
29.4±.3® 
29.6±.3® 
27.7±.3" 
27.9 ±.2^ 
30.3±.4g 
32.2±.6C'^ 
31.71.2^^ 
35.1 ±.3^ 
33.0±.4^® 
33.6±.4® 
31.5±.3^ 
31.8±.2^ 
33.1±.4g 
34.8±.6^® 
35.3±.3'^ 
38.4±.3'^ 
36.2±.4®f 
36.8±.4f 
34.3 ±.4^^ 
35.0±.2<='^ 
33.2±.5C® 
33.1±.7^® 
34.2±,3^^® 
40.2 ±.4^ 
36.6±.5S 
38.0±.5^ 
34.7±.4^ 
34.6±.3^^ 
^Scan 1 = Ultrasonic scm, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
"Significance levels for effects in the model for each trait. 
cdefghMeans in a column without a common superscript differ (P< .05). 
*P<.05. 
***P<.001. 
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Table 20. Least squares means and standard errors of last rib backfat (LR) for serial 
ultrasonic scan and carcass measurements by test, sex and breed 
Measurement Period^ 
Scan 1,mm Scan 2,mm Scan 3,mm Scan 4,mm Carcass,mm 
Test^ *** 
1 15.2±.3 16.5±.4 18.9±.4 21.4±.5 30.0±.7 
2 12.8±.4 16.8±.5 19.4±.6 21.3±.6 30.1 ±.9 
Sex^ *** *** 
Barrow 14.4 ±.l 17.4±.l 20.4±.l 22.8±.2 31.6+.2 
Gilt 13.6±.l 15.9±.l 18.0±.2 19.9±.2 28.4±.3 
Breed^ »** 
Berkshire 13.9±.3^ 16.41.3^^ 18.4±.3^ 20.6±.4C® 30.2±.5 
Chester White 14.6±.4C^ 18.0±.5^ 20.6±.5^ 22.0±.6^^ 31.2±.8 
Duroc 14.8±.2^ 17.8±.2^ 20.4±.2^ 23.0±.2^ 30.2±.3 
Hampshire 12.3 ±.2® 14.9+.2® 17.6±.3® 19.8±.3® 29.0±.4 
Landrace 13.8±.3^ 16.1 ±.3^ 18.9±.3'^ 20.7±.4^® 29.2±.5 
Poland China 13.7±.2C 16.2±.3^ 18.6±.3^ 20.8±.3^ 29.5 ±.5 
Spotted 14.8±.2^ 17.7±.3'^ 19.9±.3^ 22.6±.3^^ 31.4±.5 
Yorkshire 14.2±.i~ 16.4±.2= 18.8±.2^ 21.0±.2^ 29.5±.3 
^Scan 1 = Ultrasonic scm, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
^Significance levels for effects in the model for each trait. 
cdef^eans in a column without a common superscript differ (P<.05). 
•**P<.001. 
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Table 21. Least squares means and standard errors of last lumbar vertebra backfat 
(LL) for serial ultrasonic scan and carcass measurements by test, sex and 
breed 
Measurement Period^ 
Scan l,mm Scan 2,mm Scan 3,mm Scan 4,mm Carcass,mm 
Test" 
1 
2 
19.5±.4 
18.0+.5 
22.2±.4 
21.0+.5 
24.2 ±.4 
24.2±.6 
26.8 ±.5 
26.3±.6 
34.5±.8 
31.3+ 1.0 
Sex° 
Barrow 
Gilt 
19.1±.l 
18.3+.1 
22.3 ±.l 
21.0±.2 
**:tc 
25.4±.2 
23.1+ .2 
27.9 ±.2 
25.1 ±.2 
34.5±.3 
31.3+.3 
Breed" 
Berkshire 
Chester White 
Duroc 
Hampshire 
Landrace 
Poland China 
Spotted 
Yorkshire 
3|e:(e3(e 
24.0+.3C<^ 19.0±.3C<^^ 
19.9±.5®^ 
18.7±.2'^^ 
15.8±.2g 
17.8±.3^ 21.0±.3^^ 23.5±.3 
aK9ieate 
26.0±.5 
24.2+.2^ 
ef 
21.6+.3'^^® 
22.7±.5®g 
21.61.2^^ 
18.2+.2^ 2O.8+.3S 
19.4±.3^ 
20.7±.3" 
18.5±.2'^ 
22.4±.3® 
23.6±.3s 
21.1 + .2^ 
icd 
f 25.2+.3 
26.8±.3® 
23.4+.2^ 
26.2±.4cd 
28.2±.6®^ 
26.5 ±.2<^ 
22.6±.3S 
26.0±.4<^^ 
27.7±.4^ 
29.2±.3^ 
25.6±.2C 
33.5 ±.6'^^ 
34.9±.9^® 
3l.l±.4f 
29.7±.5S 
32.6±.6'^® 
33.9±.6® 
35.2±.6^ 
32.6±.3^ 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic scan, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
-Significance levels for effects in the model for each trait. 
cdfifghj^eans in a column without common superscripts differ (P< .05). 
**P<.01. 
***P<.001. 
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ASSESSMENT OF BACKFAT AND LOIN MUSCLE DEPOSITION RATES 
IN SWINE USING SERIAL REAL-TIME ULTRASONIC MEASUREMENTS 
A paper to be submitted to the 
Journal of Animal Science 
S. J. Moeller and L. L. Christian 
Abstract 
Serial measurements of backfat, loin muscle area and live weight (LW) were 
used to assess deposition rates and growth patterns of fat, muscle and LW on the live 
pig during the finishing stage of production. Animals evaluated were entries in two 
tests (Spring and Fall, 1991) of the National Barrow Show Progeny Test program. 
Records on barrows (648) and gilts (459) representing the 8 major U.S. pure breeds of 
swine were analyzed. Pigs entered in the test comprised purebred sire progeny groups 
consisting of 8 pigs/sire from a minimum of 3 litters, with a maximum of 4 gilts/sire 
progeny group. Real-time ultrasonic measurements were taken using an ALOKA 5(X)V 
machine fitted with a 3.5 MHz, 12.5 cm linear array transducer. Pigs were weighed on 
a weekly basis during the study and ultrasonic measurements taken at or near four 
specified live weights, Scan 1; LW 63.5 kg, Scan 2: LW 77.1 kg, Scan 3: LW 90.7 
kg and Scan 4: LW 103.0 kg with means as follows (Scan 1: mean 67.4 kg; Scan 2: 
mean 80.3 kg; Scan 3: mean 93.4 kg; Scan 4: mean 104.9 kg) Ultrasonic backfat was 
measured along the dorsal midline at the last rib (LR) and last lumbar vertebra (LL). 
Tenth rib, 3/4 point backfat (BFIO) and loin muscle area (LMA) images were collected 
for measurement on the right hand side of the pig using an ultrasonic wave guide. 
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Deposition rates were calculated for dependent scan variables (BFIO, LMA, LR and 
LL) using intra-pig linear and quadratic regression procedures for the independent 
variables LW and LW^. For growth rate (WDA), LW was regressed on age and ag^. 
Quadratic (LW^) coefficients were not significant (P> .10) and did not increase the 
or reduce the residual standard deviation for BFIO, LMA, LR or LL ultrasonic 
measurements or for WDA growth and were dropped from further analyses. Intra-pig 
linear regression coefficients and y-intercepts were analyzed as dependent variables in a 
general linear model, that included the effects of test, sex, breed and sire (breed) as 
fixed, independent variables. Breed effects were signifiicant sources of variation for 
BFIO (P<.01), LMA (P<.001), LR (P<.05), LL (P<.001)and WDA(P<.001). 
BFIO deposition rates ranged from .237+.Oil to .290±.023 mm/kg with a mean of 
.271±.(X)8 mm/kg, LR deposition rates ranged from .178±.011 mm/kg to .218±.007 
mm/kg with a mean of ,201 mm/kg and LL deposition rates ranged from .185±.007 to 
.228±.009 mm/kg with a uiean of .20&X.006 mm/kg across the eight breeds, LMA 
deposition rate across breeds ranged from ,270±,013 cmVkg to ,331 ±,008 cm^/kg with 
an overall mean of ,304±,009 cm^/kg, WDA ranged from ,736±,028 to ,835±,011 
kg/day with an overall mean of .774+.002 kg/day. Sex effects were significant 
(P<.001) for all ultrasonic traits and VJDA, with barrows growing faster and depositing 
backfat faster at all locations and LMA slower than gilts. Barrows grew faster 
(.794±.005 vs. ,746±,006 kg/day) and deposited BFIO faster (,308±.004 vs. 
,220+.005 mm/kg) and LMA slower (.285±.004 vs, ,319±,004 cmVkg) than gilts. 
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Introduction 
Many traits of economic importance to the pork producer are measured at times 
which are conducive to effective utilization of labor resources and are therefore 
performed over a wide range of live weights. Accurate adjustment factors are thus 
needed to standardize the performance and carcass records to a common endpoint, 
accounting for this known source of environmental deviation, namely live weight. 
Currently the swine industry is adjusting backfat, loin muscle area and growth data to a 
105 kg basis using the animal's own record and weight deviation from 105 kg. 
Ahlschwede et al. (1978) noted that pigs do not grow or deposit fat at the same rate, 
and that adjustment factors which use the pig's own rate of growth and fat deposition 
rate in adjusting age or fat thickness are more accurate than additive adjustments. 
Ahlschwede et al. (1978) introduced the idea of extending the linear growth pattern to a 
point where it crosses the x-axis, and using this value as the basis for adjusting an 
animal's backfat and growth rate to the desired target weight. This technique has 
allowed selection within predefined contemporary groups to be effective in ranking 
animals within the group based on the animal's own differences in the rate of fat, 
muscle and live weight deposition. 
Swine producers, over the last few years, have placed much more emphasis on 
the production of lean, muscular and efficient pigs. This change in selection emphasis 
has brought about the need to study the currently used adjustment factors for backfat, 
loin muscle area and growth rate, and make necessary changes which may more 
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accurately characterize the current U.S. purebred pig population. The introduction of 
real-time ultrasound has enabled producers to assess backfat and loin muscle area more 
accurately than ever before on the live animal, making a study designed to look at 
deposition patterns and rates of fat and muscle growth across different breeds and sexes 
of swine important to the industry. 
The objectives of this study were to characterize the deposition of backfat at 
three commonly measured anatomical locations, midline last rib, midline last lumbar 
vertebra and the tenth rib, 3/4 point as well as loin muscle area at the tenth rib location. 
For this purpose, real-time ultrasonic measurements were taken 4 times during the 
finishing stage of production, between the weights of 63.5 and 105.0 kg. The effects of 
breed and sex on deposition rates and patterns was evaluated to determine optimal 
adjustment factors to describe the population of pigs being raised in the U. S. today. 
Adjustment factors currently used and recommended by the National Swine 
improvement Federation (NSIF) are evaluated in comparison to the results of this study. 
Material and Methods 
Data description 
Data utilized in the study were collected as part of test one (Spring 1991, 
N=630) and two (Fall 1991, N=497) of the National Barrow Show Progeny Test. The 
experiment was designed to evaluate the accuracy of serially measured real-time 
ultrasonic measurements of fat and muscle in live pigs relative to their subsequent. 
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corresponding carcass measurements. Pigs entered in the study were from purebred sire 
progeny groups consisting of 8 progeny/sire, with a minimum of 3 litters and a 
maximum of 4 gilts represented in each sire progeny group. Breeds represented in the 
study were Berkshire, Chester White, Duroc, Hampshire, Landrace, Poland China, 
Spotted and Yorkshire. Pig distribution across breeds, sex and test is summarized in 
Table 1. Breed purity was verified through registration within breed organizations. 
Table 1. Distribution of pigs across breeds, sex and test 
Test 1 Test 2 Total 
Breed 
Berkshire 
Chester White 
Duroc 
Hampshire 
Landrace 
Poland China 
Spotted 
Yorkshire 
46 
82 
92 
100 
35 
55 
81 
139 
36 
8 
106 
68 
67 
36 
45 
131 
82 
90 
198 
168 
102 
91 
126 
270 
Sex 
Barrows 
Gilts 
371 
259 
284 
213 
655 
472 
TOTAL 630 497 1,127 
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The two tests were conducted in the Minnesota Swine Test Station, New Ulm, 
MN, a central swine test station with a one-time capacity of 816 pigs. Pigs were 
housed in a modified open-fronted, partially slotted floored building in pens in pens of 
16 or 24 allowing .77 m^ of finishing space/pig. Progeny groups entered the test station 
on the same day and were randomly assigned within breed to test pens. Pigs were 
placed on test when a progeny group averaged 31.8 kg. A 16% crude protein corn-
soybean meal diet containing 3% added fat was fed ad libitum throughout the test. Pigs 
were weighed off test on weekly intervals upon reaching a weight 103 kg or when two 
or fewer animals remained in a given pen. 
The ultrasonic protocol was designed to evaluate each pig at or near 4 target 
weights (Scan 1: 63.5 kg, Scan 2: 77.1 kg, Scan 3: 90.7 kg. Scan 4: 103.0 kg). 
Pigs were weighed and scanned at weekly intervals to minimize weight differences 
within scan periods. Weights and ranges for scan periods are described in Table 2. An 
ALOKA 500V (Corometrics Medical Systems, Wallingford, CT) real-time ultrasonic 
machine equipped with a 12.5 cm, 3.5 MHz linear array transducer was used to scan 
the pigs. Captured ultrasonic images, containing animal identification and date, were 
recorded on a standard one-half inch VHS video recorder for interpretation at a later 
uaic. 
Pigs were immobilized in a scanning crate to standardize and speed image 
collection technique. Vegetable oil v/as used as a sound conducting material for 
transmission of sound waves between the transducer and skin. Ultrasonic images for 
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Table 2. Distribution average weight and weight range for serial real-time ultra­
sonic scan measurements 
Period n x(SD),kg Range,kg 
Scan 1 1107 67.4 (3.0) 63.6- 76.8 
Scan 2 1115 80.3 (2.6) 77.3 - 90.0 
Scan 3 1121 93.4 (2.2) 90.9 - 101.4 
Scan 4 1121 104.9 (2.4) 90.9 - 113.6 
measurement were taken along the dorsal midline at the last rib (LR) and last lumbar 
vertebra (LL) (anterior edge of the gluteus medius) with the transducer centered 
longitudinally at the probe site. A cross-sectional image of the loin muscle (LMA) and 
overlying fat (BFIO) on the right hand side of the pig near the tenth rib was obtained 
using a sound emitting transducer guide (Superflab, Mick Radio Nuclear Instruments, 
Inc., Bronx, NY) conforming to the curvature of the pig's back. 
Recorded images were re-digitized and interpreted using Medmorph (Woods 
Hole Educational Associates, Woods Hole, MA), a software package developed to allow 
measurement of linear distance and area on captured images and their subsequent 
recording to a data base. LR and LL were measured as the distance from the outer 
edge of the skin to the start of the fascia layer at a point corresponding to the center of 
the ultrasonic image. BFIO was measured at a point 3/4 the distance along the loin 
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muscle from the medial side of the loin to the outer edge of and perpendicular to the 
skin. Ultrasonic fat depths were measured to the nearest 0.2 mm and LMA was 
measured to the nearest .06 cm^. 
Statistical analysis 
Analyses of serial ultrasonic scan measurements were performed on an intra-pig 
basis using linear regression techniques (SAS, 1985). Dependent scan measurements 
were regressed on live weight (LW) and LW^ initially by breed to test the significance 
of the quadratic components for each breed in the study. Quadratic regression 
coefficients were non-significant for LR, LL, BFIO, and LMA for all breeds and did 
not increase the or reduce the residual standard deviation of the model when 
compared to a model with the linear effect alone. Growth rate per day of age (WDA) 
was also analyzed on an intra-pig basis, assessing the linear and quadratic effects of age 
on live weight gain. Quadratic coefficients were significant but accounted for less than 
1 % of the variation for WDA in the model and did not reduce the residual standard 
deviation. Based on this analysis, quadratic components were dropped from all 
subsequent analyses for all traits. 
Intra-pig linear regression coefficients (deposition rates) and y-intercepts were 
calculated and analyzed as dependent variables in a general linear model (SAS, 1985). 
Fixed effects included in the model were test, sex, breed, and sire/breed along with a 
random residual error. Two and three factor interactions were not significant (P< .10) 
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and were removed. Breed significance was tested using the sire/breed component as the 
error term for significance tests and in calculation of standard errors for breed effects. 
Animals exhibiting deposition rates for any ultrasonic trait which were less than 
2.5 standard deviations from the mean or with a negative deposition rate were removed 
from the data set. Generally these omissions were the result of sickness during the test 
period or the result of an animal identification problem which could not be easily 
resolved. Animals evaluated in the data set were scanned a minimum of three times 
during the course of the test. Animals with only three scans were generally missing 
Scan 1 measurements, due to live weight falling out of the predefined scan weight 
window at the start of the experiment. 
Least squares means for y-intercepts and linear regression values were used to 
calculate the point where the linear regression line crossed the x-axis. These were 
calculated for each trait using the negative least squares mean for the y-intercept divided 
by the least squares mean for linear regression. The x-intercept was calculated for 
individual breeds and sexes for possible use in adjustment factors for backfat, loin 
muscle area and weight gain per day of age. 
Results and Discussion 
Least squares means for BFIO, LR, LL, LMA and WDA are given in the 
appendix, (Tables 9, 10, 11, and 12) for test, sex and breed across the four ultrasonic 
scan periods. Data from 1107 pigs was used to calculate deposition rates for BFIO, LR 
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and LL ultrasonic backfat, 1079 pigs were evaluated for LMA deposition rates and 1114 
pigs were evaluated for WDA. Based on the results of the analysis outlined above, the 
quadratic effect was non-significant in the weight ranged evaluated and was removed. 
The results presented in this study are based on linear deposition patterns for ultrasonic 
traits and live weight growth per day. 
Significance levels for sources of variation in the model evaluating intra-pig 
deposition rates for the ultrasonic traits and WDA are presented in Table 3. F-statistics 
for sources of variation are presented in Table 13 of the appendix. Sex effects were 
highly significant (P<.001) for BFIO, LMA, LR, LL and WDA deposition rates. 
Significant breed differences and sire/breed differences were also present for fat, muscle 
and weight deposition rates indicating a large amount of variation within and across the 
breeds evaluated in the study. Y-intercept values were significantly different (P< .001) 
for barrows and gilts for ultrasonically measured backfat at the BFIO, LR and LL 
locations, but were not significant for LMA. Breed effects were signirlcant (P<.00i) 
for LR and LL y-intercepts, but not significant for BFIO and LMA. 
Least squares means for BFIO deposition rates and y-intercepts are listed in 
Table 4. The average deposition rate at this location was .271+ .008 mm/kg. Moeller 
(1990) reported an average deposition rate for BFIO of .241 mm/kg in pigs measured 
over a similar weight range. Smith et al. (1992) reported curvilinear BFIO deposition 
over a weight range from 20 to 118 kg LW from serially measured ultrasonic backfat. 
Gu et al. (1992), in a serial slaughter study involving five distinct genotypes, reported 
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Table 3. Significance levels for sources of variation for y-intercepts (a) and linear 
regression coefficients {b) for ultrasonically measured backfat, loin 
muscle area, and growth rate 
Sources of Variation 
Trait^ Test Sex Breed 
Sire 
(Breed) 
BFIO 
a 
ff 
o ^3(cate 
LMA 
a 
b 
4e9te 
:(e3fe3te 
LL 
a 
b 
3<C3k3tC 3|e#:|c 
LR 
a 
b 
:(ca|e3(e 
WDA 
a 
b «3|e:(c 
^BFIO = ultrasonic tenth rib backfat; LMA = ultrasonic tenth rib loin muscle 
area; LL = ultrasonic midline last lumbar vertebra backfat; LR = ultrasonic midline 
last rib backfat. 
*P<.05. 
**P<.01. 
**»P<.001. 
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Table 4. Least squares means and standard errors for intra-pig linear regression 
coefficients (b) and y-intercepts (a) for tenth rib backfat (BFIO) deposi­
tion rate (mm/kg) by test, sex and breed 
N a x-intercept^ 
Test^ 
1 617 .285 ±.012 -3.0±0.9 10.5 
2 490 .243±.016 -1.7±L2 7.0 
Sex^ sK** 
Barrow 648 .308 ±.004 -4.2±0.3 13.6 
Gilt 459 .220±.005 -0.5 ±0.3 2.3 
Breed^ ** 
Berkshire 81 .273±.014«lf -2.0±0.9 7.3 
Chester White 90 .290±.022de -2.4±1.4 8.3 
Duroc 193 .283±.010«J -2.5±0.6 4.9 
Hampshire 166 .237±.01ic -3.5±0.7 14.8 
Landrace 101 .253±.014cef -2.3±0.9 9.1 
Poland China 89 .245±.014C -1.2±0.9 4.9 
Spotted 124 .285±.013d -3.7±0.9 13.0 
Yorkshire 263 .246±.008C -1.2±0.5 5.0 
Overall 1107 .271 ±.008 -2.7±0.08 10.0 
^x-intercept = -(least squares mean a)/(least squares mean b) 
^Significance levels indicated for effects in the model for each trait, 
cdef^eans within a column without a common superscript differ (P<.05). 
**P<.01. 
**»P<.OOL 
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BFIO increased linearly with weight between 59 and 127 kg. They found no genotype 
differences in the rate of BFIO deposition which contrasts the current study where 
significant breed differences existed for BFIO deposition rates. In this study, Chester 
White progeny deposited fat the fastest (.290 mm/kg) while Hampshire pigs deposited 
fat the slowest (.237 mm/kg). Barrows deposited fat faster (.088 mm/kg) and exhibited 
more BFIO at each scan period (Table 9) than gilts, a finding supported by McLaren et 
al. (1989) and Moeller (1990). 
Deposition rates for LR (Table 5) and LL (Table 6) backfat were similar in 
magnitude (.201 ±.006 vs. .206±.006 mm/kg) and smaller than the overall BFIO 
deposition rate. Mersmann (1984) and Moeller (1990) reported backfat was deposited at 
a faster rate at the tenth rib, with the last rib measurement intermediate to the rate of 
deposition at the LL location. Mersmann (1984) reported a range of backfat deposition 
rates from .17 to .27 mm/kg for the anatomical locations reported in this study. 
Barrcvv's deposited fat .057 and .048 mm/kg faster than giits at the LR and LL 
locations, respectively, and measured significantly more backfat depth at all scan 
periods (Tables 10 and 11). Breed differences in LR and LL deposition rates were 
found, but breed differences were not consistent for the two traits. The Chester White, 
Spotted, and Poland China breeds deposited fat faster than the remaining breeds at the 
LL location, but were intermediate for LR deposition. The Yorkshire and Hampshire 
breeds consistently deposited fat at slower rates at each anatomical location than did the 
remaining breeds. 
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Table 5. Least squares means and standard errors for intra-pig linear regression 
coefficients {]b) and y-intercepts (a) for ultrasonic, midline last rib backfat 
(LR) deposition rate (mm/kg) by test, sex and breed 
N b a x-intercept^ 
Testt> * * 
1 617 .174±.009 2.9±0.7 -16.7 
2 490 .220±.012 -1.4±1.0 6.4 
Sex^ #»• *** 
Barrow 648 .223 ±.003 -0.6±0.3 2.6 
Gilt 459 .171±.004 2.1±0.3 -12.1 
Breed'' * •*» 
Berkshire 81 .178±0.1ic L9±0.7C -10.7 
Chester White 90 .199±.017cd L6±1.0Cd -8.0 
Duroc 193 .218±.007d 0.1 ±0.5'! 
-0.6 
Hampshire 166 .204±.008de -1.5±0.6e 7.5 
Landrace 101 .192±.010ce 0.8±0.7cd -4.1 
Poland China 89 .190±.010cef L0±0.7cd -5.0 
Spotted 124 .205-H.010df 1.0±0.7cd -4.6 
Yorkshire 263 .190±.006C 1.2±0.4C -6.3 
Overall 1107 .201 ±.006 0.6±0.1 -3.0 
^x-intercept = -(least squares mean a)/(least squares mean b) 
^Significance levels indicated for effects in the model for each trait, 
cdef^eans within a column without a common superscript differ (P< .05). 
*P<.05. 
***P<.001. 
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Table 6. Least squares means and standard errors for intra-pig linear regression 
coefficients {b) and y-intercepts {a) for last lumbar vertebra (LL) deposi­
tion rate (mm/kg) by test, sex and breed 
N b a x-intercept^ 
Test^ 
1 617 .192 ±.007 6.5±0.6 -33.9 
2 490 .224±.010 3.0±0.9 -13.4 
Sex'' 4e«:(e 
Barrow 648 .231+.003 3.7±0.2 -16.0 
Gilt 459 .185±.003 5.9±0.3 -31.9 
Breed^ »** 
Berkshire 81 .195±.010cf 5.8±0.7C -29.7 
Chester White 90 .222±.015de 5.1±l.ice -23.0 
Duroc 193 .204±.006df 5.1±0.4C -25.0 
Hampshire 166 .185±.007C 3.3±0.5d -17.8 
Landrace 101 .218±.009e 3.2±0.6de -14.7 
Poland China 89 .221 ±.0096 4.6±0.7C -20.8 
Spotted 124 .228 ±.009® 5.4±0.6C -23.7 
Yorkshire 263 . 191 ±.005c 5.6±0.4C -29.3 
Overall 1107 .206±.006 4.9±0.1 -23.8 
^x-intercept = -(least squares mean a)/Geast squares mean b) 
^Significance levels indicated for effects in the model for each trait analyzed. 
^'^^^Means within a column without a common superscript differ (P< .05). 
=^P<.05. 
*»*P<.001. 
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Results from this study support previous research work (Hetzer at al., 1956; 
Noffsinger et al., 1959; Quijandria and Robinson, 1971; Mersmann, 1982b; and Gu et 
al., 1992 which indicated deposition of backfat is essentially linear during the finishing 
stages of production and fat deposition rate is related to the specific anatomical location 
of measurement. The existence and characterization of breed differences in the rate of 
fat deposition at different locations has not been reported in the literature since 
Quijandria and Robinson (1971) found differences between Duroc and Yorkshire pigs. 
They concluded however, that pooled correction factors across breeds and sexes were 
sufficiently precise for adjusting backfat to a weight constant basis. 
Linear deposition rates for LMA across test, breed, and sex are described in 
Table 7. Gu et al (1992) reported a linear relationship between LMA and live weight in 
a serial slaughter experiment involving measurements taken up to 127 kg LW. In this 
study, the overall mean deposition rate was .304+.009 cmVkg, slightly higher than 
literature reports of .270 cmVkg (ivlersmann, 1982b) and .286±.007 cm'/kg (Moeller, 
1990). Barrows deposited LMA .033 cm^/kg slower than gilts on average and had 
smaller loin muscle areas within each scan period (Table 12). Moeller (1990) found 
crossbred barrows and gilts deposit LMA at virtually identical rates (.286 and .288 
cm^/kg, respectively) and gilts had a 2.3 cm^ larger LMA at three scan weights. 
McLaren et al. (1989) also indicated gilts deposited LMA faster than barrows. 
Breed differences in LMA deposition were observed. Hampshire pigs deposited 
muscle the fastest (.331 ±.009 cmVkg) followed by the Duroc pigs (.309+.008 
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Table 7. Least squares means and standard errors for intra-pig linear regression 
coefficients (b) and y-intercepts (a) for loin muscle area (LMA) deposi­
tion rate (cm^/kg) by test, sex and breed 
N b a x-intercept^ 
Test^ 
1 598 .302±.010 4.8±0.8 -15.9 
2 478 .299±.014 3.6±1.2 -12.0 
Sex^ *** 
Barrow 621 .284±.004 4.4+0.3 -15.5 
Gilt 455 .317±.004 4.0+0.3 -12.6 
Breed^ ** 
Berkshire 75 .270±.013'i 4.7±0.9 -17.4 
Chester White 84 .290±.017cdf 4.9±1.2 -16.9 
Duroc 190 .309±.008f 3.1±0.5 -10.0 
Hampshire 163 .331 ±.009® 4.1±0.6 -12.4 
Landrace 97 .307±.01icf 4.1+0.8 -13.4 
Poland China 87 .304±.010Cf 5.2+0.8 -17.1 
Spotted 120 .289±.010cd 4.4±0.7 -15.2 
Yorkshire 260 .305±.006cf 3.2±0.4 -10.5 
vyVCKUi A r\^  ^  lU/O .304±.009 3.9±0.1 -12.8 
^x-intercept = -(least squares mean fl)/(least squares mean b) 
^Significance levels indicated for effects in the model for each trait analyzed. 
^^®%leans within a column without a common superscript differ (P< .05). 
»»P<.01. 
***P<.(X)1. 
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cmVkg). Berkshire pigs deposited LMA the slowest (.270±.013 cm^) of the eight 
breeds in the study. No breed x sex interaction was found, indicating that sex effects 
were consistent for LMA deposition across the breeds. Moeller (1990) noted significant 
breed of sire effects for LMA deposition rates in a group of crossbred market hogs. Gu 
et al. (1992) reported genotype difference in LMA accretion over a weight range from 
59 to 127 kg and Tess et al. (1986) reported significant differences in protein weight 
deposition in high-fat and low-fat lines of pigs. 
Live weight deposition rates per day of age are listed by test, sex and breed in 
Table 8. The average growth rate was .774+.023 kg/day. Barrows grew faster than 
gilts in this study (.796±.005 vs. .748+.005 kg/day), a finding often supported in the 
literature when average daily gain and weight gain per day of age are evaluated across 
sexes. Breed differences existed in the rate of weight gain/day with Duroc animals 
growing the fastest (.835±.012 kg/day) and Chester White pigs growing the slowest 
(.736+.028 kg/day). These differences are not surprising, knowing selection pressure 
placed on weight gain is likely to have been different for the various breeds represented 
in the study. Sex differences were consistent across breeds as indicated by the absence 
of significant Breed x Sex interaction. Significant sire variation within breeds was 
cbser.'ed, demonstrating that progress should be possible in this trait through use of 
selected sires. 
Using the procedure described by Ahlschwede et al. (1978), the linear deposition 
rates for BFIO, LMA, LR, LL, and WDA for each breed and sex were extended to the 
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Table 8. Least squares means and standard errors for intra-pig linear regression 
coefficients {b) and y-intercepts (a) for live weight (WDA) deposition rate 
(kg/day) by test, sex and bre^ 
N a x-intercept^ 
Test^ 
1 620 .752±.014 -41.9±2.4 55.7 
2 494 .791 ±.019 -35.4±3.2 44.8 
Sex^ *** 
Barrow 648 .796±.005 -41.4+0.8 52.0 
Gilt 466 .748+.005 -35.8±0.9 47.9 
Breed'' 3(c:|c3(e 
Berkshire 82 .745 ±0.18cf -35.5 ±3. ic 47.7 
Chester White 90 .736±0.28cf -30.6±4.9C 41.6 
Duroc 196 .835 ±.012^ -46.4±2.1^ 55.6 
Hampshire 166 .769±.014ce -44.0±2A^ 57.2 
Landrace 102 .811±.018de -43.5±3.icd 53.7 
Poland China 91 .783±.017ef -39.3±3.0cd 50.2 
Spotted 124 .752±.017cf -32.8+2.9C 43.6 
Yorkshire 263 .742±.010C -36.9±1.8C 49.7 
vy vCioii 1114 .774±.023 -40.0+1.2 51.7 
^x-intercept = -(least squares mean fl)/(least squares mean b) 
^Significance levels indicated for effects in the model for each trait, 
cdef^ieans within a column without a common superscript differ (P< .05). 
***P<.001. 
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point where the line crosses the x-axis (i.e., the value on the x-axis where the y-axis 
value is zero). This procedure was utilized to evaluate adjustment factors for backfat, 
loin muscle area and WDA, being used by the NSIF to adjust performance measures on 
individual pigs to a common target weight. 
X-intercept values for backfat at the BFIO, LR, and LL location are presented in 
Tables 4, 5, and 6, respectively. Average x-intercept values were 3.0, -23.8 and 9.9 
kg, for LR, LL and BFIO, respectively. The intercept value for barrows was 
consistently higher than that of gilts in this study, a reflection of the slower weight of 
fat deposition at each of the locations. Interestingly, Hampshire pigs, which had the 
lowest mean backfat in each scan period for each backfat trait measured, have the 
highest x-intercept value at each scan location yet deposited fat slower than all other 
breeds in the analysis. This finding is not consistent with the sex differences observed. 
Currently, NSIF guidelines recommend the use of a constant of 11.4 kg in the 
adjustment equation for backfat. This factor was derived from data where backfat was 
taken to be the average of three measurements of backfat 2.5 cm off-midline at the fifth 
rib, last rib and last lumbar vertebra. In 1992, NSIF recommended the adoption of a 
single site for live animal backfat measurements (tenth rib) to standardize recording and 
adjustment of backfat data used in across herd genetic evaluations. In this study, the x-
intercept value for BFIO (9.9) is only slightly smaller than the one currently used, but a 
large difference (11.2 kg) was observed between barrows and gilts. This finding 
suggests adjustments should be made on a within sex basis to accurately describe the 
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differences in BFIO deposition. Ahlschwede et al. (1978) reported boars deposited fat 
slower than gilts, but suggested zero was the appropriate x-intercept for both sexes. 
Cooksley and Cunningham (1977) reported the need for separate adjustment factors for 
boars and gilts based on large differences in backfat deposition rates. 
The average LMA deposition rate crosses the x-axis at -12.8 kg. Barrows had a 
slightly more negative x-intercept than gilts, and variation existed between breeds in the 
x-intercepts. The x-intercept value is considerably smaller than the -70.4 kg used by 
NSIF to adjust LMA to a constant weight. Much of the difference in the magnitude of 
the x-intercept is a reflection of the higher rate of loin muscle deposition found in this 
study. The current adjustment factor assumes an average pig deposits muscle at 
approximately .170 cm^/kg which is approximately 1/2 the rate of muscle deposition 
found in this study. Much of the variation may be the result of the weight range 
evaluated. In the weight range studied in this experiment, no significant quadratic effect 
was found, but the sign of the quadratic effect was negative indicating muscle growth 
was tending to slow down toward the end of the weight range studied, and that taking 
the measurement at a higher weight may have made the quadratic effect more 
pronounced. Further research projects evaluating LMA deposition within the weight 
range used currently in the industry may more accurately describe the deposition rate 
and pattern of LMA. Unfortunately, no research has been reported which evaluates loin 
muscle area deposition within the weight range commonly used by the industry. 
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A value of 51.7 days is found when the average linear deposition pattern for 
WDA is extended downward to the x-intercept. This value is a little higher than the 
NSIF x-intercept value of 38 currently used to adjust pigs for age to a common end 
weight. Ahlschwede et al. (1978) found the regression for gilts crossed the x-axis at 31 
days and boars at 36 days. Based on this study, the population of pigs represented in 
this study grew somewhat faster than the animals in the Ahlschwede study, and hence 
the currendy used NSIF adjustment may not account for the faster rate of growth found 
in pigs representing the purebred swine industry currently. 
Barrows and gilts had slightly different x-intercept (52.0 vs. 48.0) values, but 
the difference was not large. This finding may support the use of a common x-intercept 
for the two sexes when adjusting growth data, although no statistical analysis of the 
difference was possible. Establishment of comparable data on boars is essential, given 
that boar selection influences the amount of genetic progress a producer makes much 
more than gilt selection and barrows make no direct genetic contribution to the herd. 
Implications 
The results presented in this study suggest that deposition rates of backfat, loin 
iuuscle area and weight gain per day of age are linear within the weight range studied 
and are quite different across anatomical locations, sexes, and breeds. These 
differences make adjustment of ultrasonic measurements to a constant endpoint 
somewhat difficult for the industry given the wide amount of variation in locations of 
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ultrasonic measurements and the presence of multiple breeds and different sexes on 
many farm operations. The establishment of adjustment factors for LMA based on 
these data do not accurately describe the adjustment weight range normally used within 
the industry and suggest that more research must be undertaken to describe the rate and 
pattern of loin muscle deposition, particularly as it pertains to intact males and gilts in a 
higher weight range. Generally, the data reported in this study provide a reasonable 
assessment of the rate of change in fat, muscle and live weight in swine and may 
provide a base from which currently used adjustments may be modified to more 
accurately reflect the breed and sex differences found in the U. S. pig population. 
Further research efforts should be to extend the weight range evaluated to more 
accurately depict the range over which test pigs are commonly measured within the 
industry and to evaluate intact males over this heavier weight range. 
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Appendix 
Table 9. Least squares means and standard errors of tenth rib backfat (BFIO) for 
serial ultrasonic scan and carcass measurements by test, sex and breed 
Measurement Period^ 
Scan l,mm Scan 2,mm Scan 3,mm Scan 4,mm Carcass,mm 
Test^ * * * 
1 16.8+.4 19.2±.4 23.3±.5 27.4±.6 27.9±.7 
2 14.8±.5 17.6±.6 20.8 ±.7 23.8±.8 26.0±.9 
Sex^ *** *** :K:(C3fc 
Barrow 17.0±.l 20.0±.2 24.3±.2 28.5±.2 29.7±.3 
Gilt 14.7±.2 16.8±.2 19.9±.2 22.7 ±.2 24.2±.3 
Breed^ *** *** *** 
Berkshire 16.8±.3^ 19.6±.4^ 23.21.4^ 26.9±.5^® 27.6±.6^^' 
Chester White 17.4±.5^ 20.5 ±.5<^ 24.2±.6^ 28.5±.7^ 31.0±.9S 
Duroc 17.0±.2^ 19.5 ±.2^ 23.7±.3^ 27.5±.3^ 28.0±.4^ 
Hampshire 12.9±.2^ 15.0±.3^ 18.6±.3j 21.5±.4^ 22.4±.4f ^ 
Landracc 15.1±.3® 17.6±.3~ 20,7 ±.4" 24.5 ±.5^ 26.7 ±.5^^" 
Poland China 15.8±.3<^® 18.0±.3^® 21.6±.4C 24.9±.5'^ 26.4±.5'^^ 
Spotted 15.8±.3^® 18.9±.3^® 22.9 ±.4^ 26.3±.4^ 28.1 ±.5^® 
Yorkshire 15.81.2^^ 18.0±.2C 21.6±.2C 24.8±.3'^ 25.7±.3^ 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
^Significance levels for effects in the model for each trait. 
cdefghi^g^g in a column without a common superscript differ (P< .05). 
*P<.05. 
***?<.001. 
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Table 10. Least squares means and standard errors of last rib backfat (LR) for serial 
ultrasonic scan and carcass measurements by test, sex and breed 
Measurement Period^ 
Scan l,mm Scan 2,mm Scan 3,mm Scan 4,mm Carcass,mm 
Test^ 3tC3tC3te 
1 15.2±.3 16.5±.4 18.9±.4 21.4±.5 30.0±.7 
2 12.8±.4 16.8±.5 19.4±.6 21.3±.6 30.1 ±.9 
Sex'' *•* *** *** *** ^9|e:fe 
Barrow 14.4±.l 17.4±.l 20.4+.1 22.8±.2 31.6±.2 
Gilt 13.6±.l 15.9±.l 18.0±.2 19.9±.2 28.4±.3 
Breed'' *** *** 3tc3fc:fe 
Berkshire 13.9±.3^ 16.4±.3^ 18.4±.3^ 20.6±.4^® 30.2 ±.5 
Chester White 14.61.4^'^ 18.0±.5^ 20.6±.5^ 22.0±.6'^f 31.2±.8 
Duroc 14.8±.2^ 17.8±.2^ 20.4+.2^ 23.0±.2^ 30.2±.3 
Hampshire 12.3±.2® 14.9±.2® 17.6±.3® 19.8±.3® 29.0±.4 
Landrace 13.8±.3^ 16.1 ±.3^ I8.9+.3C 20.7±.4C® 29.2±.5 
Poland China 13.7±.2<^ 16.2±.3C I8.6+.3C 20.8±.3<^ 29.5 ±.5 
Spotted 14.8±.2^ 17.7±.3^ 19.9±.3^ 22.6±.3^f 31.4±.5 
Yorkshire 14.2±.l^ 16.4±.2^ 18.8±.2'^ 21.0±.2^ 29.5±.3 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic scpi, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
^Significance levels for effects in the model for each trait. 
^®^Means in a column without a common superscript differ (P< .05). 
»*»P<.001. 
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Table 11. Least squares means and standard errors of last lumbar vertebra backfat 
(LL) for serial ultrasonic scan and carcass measurements by test, sex and 
breed 
Measurement Period^ 
Scan l,mm Scan 2,mm Scan 3,mm Scan 4,mm Carcass,mm 
Test^ 
1 
2 
19.5±.4 
18.0+.5 
22.2±.4 
21.0±.5 
24.2±.4 
24.2+.6 
26.8±.5 
26.3±.6 
34.5+.8 
31.3+ 1.0 
Sex° 
Barrow 
Gilt 
19.1+.1 
18.3+. 1 
22.3 ±.l 
21.0±.2 
*** 
25.4±.2 
23.1+.2 
27.9 ±.2 
25.1±.2 
*** 
34.5±.3 
31.3±.3 
Breed® 
Berkshire 
Chester White 
Duroc 
Hampshire 
Landrace 
Poland China 
Spotted 
Yorkshire 
19.0±.3^^^ 
19.9±.5' 
18.7+.2 
ef 
cd 
15.8±.2S 
17.8±.3^ 
19.4±.3f 
ZU. 
18.5±.2'^ 21.1±.2 
21.6±.3^^® 
22.7+. 
21.61.2^ 
18.2±.2^ 
21.0±.3<^^ 
22.4±.3® 
. ^Or 
d 
cd 
ef 
24.0±.3' 
26.0±.5 
24.2±.2^ 
20.8±.3S 
23.5±.3<^^ 
25.2+.3^ 
26.S±.3" 
23.4+.2^ 
26.2±.4C'^ 
28.2±.6®f 
26.5 ±.2^ 
22.6±.3g 
26.0±.4C^ 
27.7±.4^ 
29.2±.3® 
25.6+.2^ 
33.5±.6^® 
34.9±.9^® 
31.1±.4f 
29.7±.5g 
32.6±.6C® 
33.9+.6® 
35.2±.6" 
32.6+.3C 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic scan, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, IT = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
^Significance levels for effects in the model for each trait. 
cdefgh^g^g in a column without common superscripts differ (P<.05). 
**P<.01. 
**»P<.001. 
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Table 12. Least squares means and standard errors of tenth rib loin muscle area 
(LMA) for serial ultrasonic scan and carcass measurements by test, sex 
and breed 
Measurement Period^ 
9 Scan IjCm"' Scan 2,cm^ Scan 3,cm^ 9 Scan 4,cm^ Carcass, cm^ 
Test^ 
1 
2 
25.4±.4 
23.6±.5 
29.3±.4 
28.0±.6 
* 
33.1±.5 
31.7±.6 
* 
36.4±.5 
34.5±.7 
35.9±.6 
35.3±.8 
Sex^ *** *** *** 
Barrow 
Gilt 
23.6±.l 
25.3±.l 
27.6±.l 
29.7±.2 
31.0±.2 
33.7±.2 
34.1 ±.2 
36.9±.2 
33.4±.2 
37.8±.2 
Breed^ 
Berkshire 
Chester White 
Duroc 
Hampshire 
Landrace 
Poland China 
Spotted 
Yorkshire 
23.3±.3C 
24.2 ±.4^^ 
23.9±.2<^ 
26.2±.2® 
24.8±.3^ 
25.7±.3® 
23.8±.3^ 
23.8±.2C 
4e:(c:te 
26.6+.3g 
28.8±.5^^® 
27.8±.2<^ 
3l.3+.2^ 
29.4±.3® 
29.6±.3® 
27.7±.3" 
27.9 ±.2^ 
30.3+.4g 
32.2±.6'^^ 
31.7±.2<^ 
35.1 ±.3^ 
33.0±.4^® 
33.6±.4® 
31.5±.3^ 
31.8±.2C 
33.I + .4S 
34.8±.6^® 
35.3±.3^ 
38.4+.3^ 
36.2±.4®f 
36.8±.4f 
34.3±.4<=^ 
35.0±.2^^ 
33.2±.5C® 
33.1±.7C® 
34.2±.3^^® 
40.2+.4^ 
36.6±.5g 
38.0±.5f 
34.7±.4'' 
34.6±.3^^ 
^Scan 1 = Ultrasonic s^, x = 67.4kg; Scan 2 = Ultrasonic scan, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 914kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
"Significance levels for effects in the model for each trait. 
cdefghMeans in a column without a common superscript differ (P< .05). 
*P<.05. 
***P<.001. 
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Table 13. GLM F-values^ for y-intercepts (a) and linear regression coefficients {b) 
for ultrasonically measured backfat, loin muscle area, and growth rate 
Sources of Variation 
Sire 
Trait^ Test Sex Breed (Breed) Error 
BFIO 
a 0.46 92.07*** 1.73 1.85*** 37.60 
b 2.40 282.94*** 3.20** 2.51*** 0.0067 
LMA 
a 0.37 1.38 1.32 1.37** 34.69 
b 0.02 50.44*** 3.06** 1.67*** 0.0053 
LL 
a 5.29* 57.56*** 3.33*** 1.87*** 20.59 
b 3.29 178.84*** 4.41*** 2.49*** 0.0030 
LR 
a 6.47* 65.97*** 3.95*** 1.51*** 25.91 
b 4.65* 166.89*** 2.51* 1.99*** 0.0040 
WDA 
a 1.39 28.00*** 3.73*** 2.85*** 275.15 
b 1.44 59.80*** 5.94*** 2.64*** 0.0097 
General Linear Models F-values for each source of variation with error mean 
square. 
^BFIO = ultrasonic tenth rib backfat; LMA = ultrasonic tenth rib loin muscle 
area; LL = ultrasonic midline last lumbar vertebra backfat; LR = ultrasonic midline 
last rib backfat. 
*P<.05. 
**P<.01. 
»»»P<.001. 
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GENETIC PARAMETER ESTIMATES FOR REAL-TIME ULTRASOUND, 
CARCASS AND PERFORMANCE TRAITS OF SWINE 
A paper to be submitted to the 
Journal of Animal Science 
S. J. Moeller, L. L. Christian, M. F. Rothschild, and R. N. Goodwin 
Abstract 
Heritabilities, genetic and environmental correlations, genetic variances and 
covariances, and environmental variances and covariances were estimated using 
MTDFREML procedures. Real-time ultrasound, carcass and performance traits were 
evaluated in an animal model with fixed effects of test, sex and breed. Traits evaluated 
included midline measurements of last rib (LR) and last lumbar (LL) backfat, tenth rib 
backfat (BFIO) and loin muscle area (LMA), average daily gain (ADG) and days to 105 
kg (DAY105). Records on 1120 purebred progeny from 154 sires were included in the 
analysis. Real-time ultrasonic measurements were taken using an ALOKA 500V 
machine fitted with a 3.5 MHz, 12.5 cm linear array transducer. Four ultrasonic scans 
were taken on each pig (Scan 1: mean 67.4 kg; Scan 2: mean 80.3 kg; Scan 3: mean 
93.4 kg; Scan 4: mean 104.9 kg) with carcass measurements taken at a slaughter mean 
weight of 104.9 kg. Reritability estimates for ultrasonic BFIO and carcass BFIO were 
.87 and .79, respectively, and the genetic correlation .99 between the measurements. 
Ultrasonic LMA heritability was .71 and carcass LMA .87 and the genetic correlation 
.87 between the measurements. Genetic correlations between backfat measured 
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ultrasonically and on the carcass with LMA measured ultrasonically and on the carcass 
ranged from -.30 to -.68. Genetic correlations were small and near zero (r=-.08 to 
.16) between performance measures (ADG and DAY105) and ultrasonic and carcass 
backfat and loin muscle area measurements. Serially measured ultrasonic backfat 
heritabilities ranged from: .89 (LRl) to .91 (BFlOl) in scan period 1; .87 (LR2) to .99 
(LL2) in scan period 2; .71 (LR3) to .95 (LL3) in scan period 3; and .84 (LR4) to .88 
(LL4) in scan period 4. Heritability estimates for serial ultrasonic measurements were 
.90 (LMAl), .72 (LMA2), .74 (LMA3) and .74 (LMA4). Genetic correlations were 
higher between adjacent scan periods and increased in magnitude as the weight interval 
between the ultrasound scans and slaughter weight decreased. 
Introduction 
Genetic improvement programs in swine for carcass and performance traits rely 
heavily on accurate estimates of heritability and genetic correlations between traits of 
economic importance. Accuracy of selection is directly related to the heritability of the 
trait being evaluated, while genetic correlations between traits give an indication of 
directional change in other traits when selection pressure is placed on a single trait or 
can be used to establish selection indexes which combine traits of economic importance. 
The acceptance of real-time ultrasound as an accurate method of evaluating 
carcass characteristics on live pigs has provided the opportunity to assess genetic 
parameters measured by this technique and to describe the genetic relationship between 
ultrasonic, carcass and performance traits. Only one published research report (Lo et 
I l l  
al,, 1992) has addressed the heritability and genetic relationship among real-time 
ultrasonically measured fat and muscle in pigs. Lo et al. (1992) reported heritabilities 
for real-time ultrasonic fat and muscle at the last rib of .54+.09 and .46±.08, 
respectively. Genetic correlations were .85 between ultrasonic last rib backfat and 
carcass tenth rib backfat and .87 between ultrasonic loin muscle area and carcass tenth 
rib loin muscle area. 
The objectives of this study were: 1) to estimate the heritability of backfat and 
loin muscle area in pigs at four weights during the finishing stage of production using 
serial real-time ultrasonic measurements; 2) estimate the heritability of carcass and 
performance traits in swine; 3) estimate the genetic and environmental variances and 
covariances and genetic and environmental correlations between serial ultrasonic, 
carcass and performance traits in swine. 
Materials and Methods 
Data description 
Data utilized in the study were collected as part of test one (Spring 1991, 
N=630) and two (Fall 1991, N=497) of the National Barrow Show Progeny Test. Pigs 
entered in the study were from purebred sire progeny groups consisting of 8 
progeny/sire, with a minimum of 3 litters and a maximum of 4 gilts represented in each 
sire progeny group. Breeds represented in the study were Berkshire, Chester White, 
Duroc, Hampshire, Landrace, Poland China, Spotted and Yorkshire. The distribution 
of progeny, sires and dams used in the analysis is summarized in Table 1. 
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Table 1. Distribution of pigs, sires and dams across breeds used in the 
MTDFREML animal model 
Pigs Sires Dams 
Berkshire 82 11 37 
Chester White 90 17 52 
Duroc 197 26 92 
Hampshire 166 25 89 
Landrace 102 14 47 
Poland China 91 12 47 
Spotted 126 17 65 
Yorkshire m M 136 
TOTAL 1120 154 565 
The two tests were conducted at the Minnesota Swine Test Station, New Ulm, 
MN, a central swine test station with a one-time capacity of 816 pigs. Pigs were 
housed in a modified open-fronted, partially slotted-floor building in pens of 16 or 24 
allowing .77 of finishing space/pig. Upon entry to the test station, progeny groups 
were identified, vaccinated and assigned within breed to test pens. Pigs were placed on 
test when a progeny group averaged 31.8 kg. A 16% crude protein corn-soybean meal 
diet containing 3 % added fat was fed ad libitum throughout the test. Pigs were weighed 
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off test at weekly intervals upon reaching a weight of 103 kg or when two or fewer 
animals remained in a given pen. 
The ultrasonic protocol was designed to evaluate each pig at or near 4 target 
weights (Scan 1: 63.5 kg, Scan 2; 77.1 kg. Scan 3: 90.7 kg. Scan 4: 103.0 kg). 
Pigs were weighed and scanned at weekly intervals to minimize weight differences 
within scan periods. Weights and ranges for scan periods are shown in Table 2. An 
ALOKA 500V (Corometrics Medical Systems, Wallingford, CT) real-time ultrasonic 
machine equipped with a 12.5 cm, 3.5 MHz linear array transducer was used to scan 
the pigs. Captured ultrasonic images, containing animal identification and date, were 
stored on a standard one-half inch VHS video cassette for interpretation at a later date. 
Pigs were immobilized in a scanning crate to standardize and speed image 
collection technique. Vegetable oil was used as a sound conducting material for 
transmission of sound waves between the transducer and skin. Ultrasonic images for 
measurement were taken along the dorsal midline at the last rib (ULR) and iast iumbar 
vertebra (ULL) (anterior edge of the gluteus medius) with the transducer centered 
longitudinally at the probe site. A cross-sectional image of the loin muscle (ULMA) 
and overlying fat (UBFIO) on the right hand side of the pig near the tenth rib was 
obtained using a sound emitting transducer guide (Superfiab, Mick Radio Nuclear 
Instruments, Inc., Bronx, NY) conforming to the curvature of the pig's back. 
Recorded images were interpreted using Medmorph (Woods Hole Educational 
Associates, Woods Hole, MA), a software package developed to allow measurement of 
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Table 2. Distribution average weight and weight range for serial real-time ultra­
sonic scan measurements 
Period N x(SD),kg Range,kg 
Scan 1 1107 67.4 (3.0) 63.6 - 76.8 
Scan 2 1115 80.3 (2.6) 77.3 - 90.0 
Scan 3 1121 93.4 (2.2) 90.9 - 101.4 
Scan 4 1121 104.9 (2.4) 90.9 - 113.6 
linear distance and area on captured ultrasonic images. ULR and ULL were measured 
as the distance from the outer edge of die skin to the start of the fascia layer with the 
measurement taken in the center of the video image. UBFIO v/as measured at a point 
3/4 the distance along the loin muscle from the medial edge of the loin to the outer edge 
of and perpendicular to the skin. Ultrasonic fat depths were measured to the nearest 0.2 
mm and ULMA was measured to the nearest .06 cm^. 
Upon completion of the test, pigs were transported and slaughtered at Hormel 
Co., Austin, MN. Carcass measurements were taken by Iowa State University 
personnel following a 2-hour rapid chill. Standard carcass collection procedures as 
outlined in Procedures To Evaluate Market Hogs (NPPC, 1991, 3rd ed.) were followed. 
Carcass last rib (CLR), last lumbar vertebra (CLL) and tenth rib (CBFIO) backfat 
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depths were measured on the hanging carcass to the nearest 1.27 mm. Carcass tenth rib 
loin muscle area (CLMA) was measured from acetate tracings using a standard pork 
grid (ISU Extension AS-235, 1988) and measured to the nearest .32 cm^. 
Statistical analysis 
Ultrasonic and carcass measurements taken at equivalent live weights and growth 
rate (DAY105) were adjusted to a 105 kg live weight basis using adjustment factors 
outlined by Weber (1986). Average daily gain (ADG) was adjusted to a 33 kg on test 
weight (Goodwin, 1990). Linear covariates were included in the analysis model to 
adjust ultrasonic measurements from scans one, two and three to their respective 
average live weight. 
Heritabilities, genetic, and environmental correlations, additive genetic variance 
and covariances, and environmental variances and covariances were estimated using 
MTDFREML programs (Boldman et al., 1993). The MTDFREML programs were 
compiled and executed on a Vincent workstation at Iowa State University. 
Analyses were performed using an animal model with fixed effects of test, sex 
and breed, an uncorrelated random effect of Litter, and random animal effects. A total 
of 2969 animals, 1120 with records and 1849 base animals, were included in 
relationship matrix. All traits were evaluated initially as single traits to obtain prior 
estimates of genetic and environmental variances. The random uncorrelated Litter effect 
had no variance for all traits except DAY105 and was dropped from all analyses not 
containing DAY105. 
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Single trait genetic variances (Vc) and environmental variances (V^) were used 
as priors in the estimation of covariances between traits. All covariance estimates 
between traits were estimated two traits at a time since MTDFREML programs are 
more efficiently executed with two traits than with three. All single and two trait 
models were evaluated at the recommended convergence criteria (l.E"®) for the variance 
of the simplex function value. All models were 'cold restarted' with preceding variance 
and covariance estimates a minimum of two times to ensure convergence to a 'global' 
maximum of the likelihood function as recommended (Boldman et al., 1993). 
The analysis of traits two at a time resulted in multiple (4-12) estimates of Vq 
Ve and heritability (h^). Due to missing information for some traits, these estimates 
varied somewhat. Estimates of Vq, V^, and h^ reported are mean values for each 
respective trait from all of the two-trait analyses performed. 
Results and Discussion 
Means and standard deviations are presented in Table 3 for all traits in the analy­
sis. Least squares means for BFIO, LR, LL, LMA for serial ultrasonic and carcass 
measurements and ADG and DAY105 for the whole test period by test, sex and breed 
are presented in Appendix Tables 9, 10, 11, 12 and 13, respectively. Significance 
levels for fixed effects using ANOVA (SAS, 1985) procedures are summarized in Table 
4. Sex and breed effects were highly significant (P< .001) for each trait analyzed. 
Heritabilities, genetic correlations and environmental correlations between 
ultrasound, carcass and performance traits adjusted to 105 kg are presented in Table 5. 
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Table 3. Means, standard deviations (SD) and ranges of ultrasound and carcass 
measurements of backfat and loin muscle area 
Measurement Period ^ 
Trait^ Scan 1 Scan 2 Scan 3 Scan 4 Carcass 
BFIO 
mean 16.1 18.6 
SD 4.0 4.5 
range 7.1-37.1 7.9-41.4 
LMA 
mean 24.4 28.5 
SD 3.3 3.9 
range 14.7-36.8 17.9-42.8 
LR 
mean 14.3 16.8 
SD 3.0 3.4 
range 5.1-26.2 6.6-29.0 
LL 
mean 18.7 21.5 
SD 3.6 3.9 
range 7.6-37.6 9.9-40.6 
22.4 26.1 27.2 
5.4 6.3 6.9 
10.4-44.2 10.4-52.3 7.6-55.9 
32.3 35.5 35.2 
4.3 4.5 6.0 
21.0-50.5 22.7-51.2 19.4-58.1 
19.3 21.6 30.2 
4.0 4.3 5.5 
9.4-34.8 9.9-38.1 12.7-50.8 
24.1 26.5 33.0 
4.2 4.7 6.7 
11.7-39.4 13.5-45.5 12.7-63.5 
ADG: 
overall mean = 717.9 
SD = 98.3 
range = 413.5-1055.2 
DAY105: 
overall mean = 188.4 
SD = 17.3 
range = 154.0-254.0 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic scp, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
''BFIO = tenth rib, 3/4 point, backfat thickness, mm; LMA = tenth rib loin muscle 
area, cm^; LR = midline last rib backfat thickness, mm; LL = last lumbar vertebra 
backfat thickness, mm; ADG = average daily gain on test, g/day; DAY105 = adjusted 
days to 105kg, days. 
118 
Table 4. Summary of significance levels from an ANOVA for sources of variation 
evaluated 
Sources of Variation 
Measurement 
Trait^ Period^ Test Sex Breed 
Sire 
(Breed) 
BFIO Scan 1 
Scan 2 
Scan 3 
Scan 4 
Carcass 
• 
»** 
*** 
3tc3|e3|c 
* 
*** 
*** 
LR Scan 1 
Scan 2 
Scan 3 
Scan 4 
Carcass 
*** 
aleafeatc 
*** 
3(eatea(e 
3te3(c3|e 
3feafe:fc 
LL 
LMA 
Scan 1 
Scan 2 
Scan 3 
Scan 4 
Carcass 
Scan 1 
Scan 2 
Scan 3 
Scan 4 
Carcass 
+ 
+ 
+ 
silting 
3tc:te:(t 
3i(aic:i( 
3tc:4c* 
4C3tC« 
«34C* 
«3|c:tc 
3tC3(C4t 
*** 
*** 
** 
*3fc:te 
3te3|c:|e 
3|c:fc3fe 
*** 
*** 
3K>te3|c 
*** 
^tcale^e 
*** 
:katc3te 
*** 
*** 
ADG 
DAY105 
afe^tstc ate3(c* 
3fe4ea|e 
3(cafe:|c 
3fe:(c:(e 
+P<.10. *P<.05. »*P<.01. ***P<.001. 
Table 5. Heritability estimates and genetic and environmental correlations^ among adjusted^ ultrasonic, carcass and 
performance traits 
Traitc UBFIO CBFIO ULMA CLMA ULR CLR ULL CLL ADG 
Day 
105 
UBFIO .87 .99 -.50 -.65 .86 ,84 .86 .83 .07 .05 
CBFIO -.07 .79 -.51 -.68 .91 .88 .89 .86 .02 .12 
ULMA .25 .45 .71 .87 -.30 -.38 -.36 -.41 -.04 -.03 
CLMA .59 .28 .07 .79 -.45 -.47 -.53 -.64 -.08 .06 
ULR 0.0 -.23 .34 .37 .84 .98 .86 .89 .02 .07 
CLR -.05 .33 .35 .51 .02 .55 .80 .88 -.02 .14 
ULL .02 -.26 .47 .67 .22 .23 .88 .92 .16 .01 
CLL -.10 .32 .34 .70 - . 11  .58 .10 .58 .07 .13 
ADG .07 .17 .09 -.10 .42 .07 .20 .08 .66 -.88 
DAY 105 -.43 -.99 -.03 .25 -.95 -.50 -.90 -.68 1.00 .91 
^Heritabilities on the diagonal; genetic correlation above/environmental correlation below the diagonal. 
''Adjusted to 105kg live weight. 
CUBFIO = ultrasonic tenth rib backfat; CBFIO = carcass tenth rib backfat; ULMA = ultrasonic loin muscle area; 
CLMA = carcass loin muscle area; ULR = ultrasonic midline last rib backfat; CLR = carcass midline last rib backfat; 
ULL = ultrasonic midline last lumbar vertebra backfat; CLL = carcass, midline last lumbar vertebra backfat; ADG = 
average daily gain on test; Day ICS = days to 105kg. 
120 
Estimates of phenotypic, genetic and environmental variances and genetic and 
environmental covariances are described in Table 6. The uncorrelated error variance 
for LITTER in all two trait anzilyses involving DAY105 was 6.03 days^ and accounted 
for 2% of the total phenotypic variance. This result indicates pre-test environmental 
effects common to animals of the same litter contributed to a pig's adjusted growth 
rate/day to 105 kg. 
Heritability estimates were high in magnitude for all traits analyzed. Estimates 
ranged from .55 for carcass last rib backfat (CLR) to .91 for DAY 105. The estimates 
from this study are higher than those summarized by Stewart and Schinckel (1990) who 
reported an average heritability estimate of .41 for backfat on live pigs, .25 for 
DAY105, .51 for CBFIO and .47 for CLMA. Lo et al. (1992) reported REML 
heritability estimates of .54 for real-time ultrasonic fat measurements and .46 for real­
time ultrasound measured loin muscle area. Bryner et al. (1992) summarized 
performance and backfat measurements on centraiiy tested Yorkshire boars and reported 
heritability estimates of .56 for backfat and .24 for average daily gain. The high 
heritability estimates in this study may be attributable to the small sample size and 
selection pressure placed on the animals prior to entry in the test. 
Ultrasonic tenth rib (UBFIO), last rib (ULR) and last iumbar vertebra (ULL) 
backfat measurements were more highly heritable than their corresponding carcass 
measurements (CBFIO, CLR and CLL, respectively), trait (Table 6). The phenotypic 
variances for UBFIO, ULR and ULL were, however, smaller than their corresponding 
Table 6. Phenotypic, genetic and environmental (co)variances^ among ultrasonic, carcass and performance traits^ 
Environ-
Day Genetic mental 
TraitC UBFIO CBFIO ULMA CLMA ULR CLR ULL CLL ADG 105 Variance Variance 
UBFIO 25.50 16.83 -7.66 -13.37 13.89 14.74 13.98 19.41 22.89 3.34 22.06 3.44 
CBFIO -0.36 31.82 -8.35 -15.10 16.03 17.59 16.48 22.46 6.60 9.79 25.21 6.61 
ULMA 1.02 2.52 15.47 12.93 -3.44 -4.71 -4.46 -6.90 -9.27 -1.33 10.75 4.72 
CLMA 2.69 1.68 0.33 24.92 -6.50 -7.74 -8.61 -13.80 -22.85 4.35 19.79 5.13 
ULR 0.01 -1.20 1.24 2.27 14.28 12.87 10.87 15.56 4.84 3.65 11.66 2.62 
CLR -0.33 4.6 2.70 4.18 0.13 26.71 11.01 17.25 -4.40 8.66 14.00 12.71 
ULL 0.07 -1.19 1.40 2.28 0.49 -0.76 17.43 16.83 39.90 .42 16.83 1.90 
CLL -0.88 4.65 2.50 12.4 1.13 11.28 11.28 42.24 23.02 10.02 24.45 17.78 
ADG 6.47 21.24 10.46 -10.80 32.40 0.07 13.78 13.08 6720.41 7.80 4392.45 2328.80 
Day 105 -3.00 0.53 -0.24 1.59 -6.13 -5.25 -5.22 -9.05 -1019.0 248.15 228.82 13.84 
^Phenotypic variance on diagonal; gencMic covariance above/environmental covariance below diagonal. 
''Adjusted to 10!)kg. 
^UBFIO = ultrasonic tenth rib backfat (mm^); CBFIO = carcass tenth rib backfat (mm^); ULMA = ultrasonic loin 
muscle area (cm^)^; CLMA = carcass loin muscle area (cm^)^; ULR = ultrasonic midline last rib backfat (mm^); CLR = 
carcass midline last rib backfat (mm^); ULL == ultrasonic midline last lumbar vertebra backfat (mm^); CLL = carcass, 
midline last lumbar vertebra backfat (mm^); ADG = average daily gain on test (g^/d^); DAY 105 = days to 105kg (days)^. 
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carcass measurements with the largest differences found at the last rib and last lumbar 
locations. The phenotypic variance for CLR was 26.71 mm^ vs. 14.28 mm^ for ULR. 
The phenotypic variance for CLL was 42.24 mm^ vs. 17.43 mm^ for ULL. The large 
difference in total phenotypic variation between carcass and ultrasound measurements 
may make genetic differences between animals more difficult to predict if selection 
decisions are made based on ULR and ULL measurements. 
The genetic correlations between ultrasound and the corresponding carcass 
m.easurements of backfat were .99 for BFIO, .98 for LR and .92 for fat measured at the 
LL location. These high correlations indicate that ultrasonic and carcass measurements 
of backfat at these anatomical locations can be used with equal effectiveness in selection 
for carcass characteristics in pigs. Genetic correlations between ultrasonic and carcass 
backfat measurements taken at different anatomical locations were also high, ranging 
from .80 to .91. Lo et al. (1992) also reported a high genetic correlation (r=.85) 
between real-time ultrasonic last rib backfat and carcass tenth rib backfat measurements. 
Heritability estimates for ultrasonic loin muscle area (ULMA) and carcass loin 
muscle area (CLMA) were .71 and .79, respectively. The genetic correlation between 
ULMA and CLMA was high (r=.87). Lo et al. (1992) reported a heritability estimate 
of .46 for real-time ultrasound LMA and a genetic correlation of .87 between real-time 
last rib LMA and carcass tenth rib LMA. Both the phenotypic and genetic variances 
were larger for CLMA than ULMA measurements. 
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Genetic correlations of all ultrasonic and carcass backfat measures with loin 
muscle area were negative and moderate to high in magnitude. CBFIO was highly 
negatively correlated (r=-.68) with CLMA and ULMA (r=-.51). UBFIO was also 
more highly negatively correlated with CLMA (r=-.65) than ULMA (r=-.50). Stewart 
and Schinckel (1990) found an average genetic correlation of -.38 between CBFIO and 
CLMA and Lo et al. (1992) reported a genetic correlation between ultrasonic backfat 
and loin muscle area of -.56 and between carcass BFIO and ultrasound LMA of -.81. 
The magnitude and direction of these correlations and the high heritability estimates for 
UBFIO and ULMA reported in this study indicate that selection based on ultrasound 
measurements will result in effective, directional change in the carcass traits of swine. 
Genetic correlations between backfat measurements and performance 
measurements were quite low in this study (r=.01 to .16). Growth traits were also 
lowly correlated with ULMA and CLMA (r=-.08 to .06). Literature estimates of these 
relationships are quite variable. Lo et al. (1992) reported a genetic correlation of .43 
between backfat and ADG. Stewart and Schinckel (1990) reported a genetic correlation 
of .20 between ADG and backfat and -.18 between DAY105 and backfat. Bryner et al. 
(1992) reported a genetic correlation of -.05 between ADG and backfat. The results 
from this analysis are within the range of previously reported research. 
The results of this study suggest ADG and DAY105 are nearly independent of 
ultrasonic and carcass measurements of backfat and loin muscle area. Kence, a 
producer should be able to make progress simultaneously in both carcass and growth 
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traits or place more selection emphasis on performance or carcass traits without large 
detrimental effects on the rate of growth. 
Heritability estimates and genetic and environmental correlations for serially 
measured BFIO, LR, LL and LMA are presented in Table 7. Phenotypic, genetic and 
environmental variances and covariances for BFIO are described in Table 8. 
Heritability estimates for BFIO were highest when taken at an average weight of 67.4 
kg and lowest when taken at an average weight of 93.4 kg. The magnitude of the 
genetic correlations between BFIO measurements at different weights were high (r> .85) 
and increased in magnitude with closer proximity of measurement weights. The 
environmental correlation was highly negative (r=-1.0) when BF102 was compared to 
UBFIO and CBFIO, which does not have a clear biological explanation, given the high 
genetic correlations of .94 and .95 for BF102 with UBFIO and CBFIO, respectively. 
Heritability estimates for LR and LL backfat at each measurement weight were 
also very high (u^>.71). LL backfat heritability was extremely high with estimates as 
high as .99 for LL2 and higher than .88 at each scan weight. Genetic correlations were 
also high and positive between measurements at adjacent scan weights and in 
comparison to the final carcass measurement. Environmental correlations of -1.0 were 
also found ber^ecn scans and appear to have no biological explanation. 
Heritabilities and genetic correlations among serially measured LMA were high 
at each live weight analyzed. LMAl, taken at an average weight of 67.4 kg had the 
highest heritability estimate (h=.90). Heritability estimates of scans two, three and four 
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Table 7. Heritability estimates and genetic and environmental correlations^ among 
serial ultrasonic and carcass backfat and loin muscle measurements 
Measurement Period ^ 
Traitc 1 2 3 U C 
BFIO 
1 .91 .91 .88 .85 .90 
2 -.41 .88 .98 .94 .95 
3 -.35 -.22 .81 .98 .97 
U 0.0 -1.0 -.15 .87 .99 
C -1.0 -1.0 -.13 -.07 .79 
LMA 
1 .90 .91 .92 .88 .77 
2 -1.0 .72 .95 .95 .90 
3 -.69 0.0 .74 .99 .90 
U -1.0 0.0 .02 .71 .87 
C -1.0 -.16 -.14 .07 .79 
LR 
1 .89 .96 .92 .92 .87 
2 -1.0 .87 .99 .99 .91 
3 .09 .08 .71 .89 .86 
U -1.0 -1.0 -.03 .84 .98 
C -.21 -.06 -.17 .02 .55 
LL 
1 .90 .99 .96 .93 .84 
2 -1.0 .99 .99 .98 .84 
3 -.64 -.46 .95 .98 .86 
u -1.0 -.54 -.72 .88 .92 
c -.07 .03 .06 .10 .58 
^Heritability on the diagonal, genetic correlation above/environmental correlation 
below diagonal. 
''I = ultrasonic scan measurement, x = 67.4kg; 2 = ul^onic scan 
measurement, x = 80.3k^; 3 = ultrasonic scan measurement, x =^3.4kg; U = ultra­
sonic scan measurement, x = 104.9kg; C = carcass measurement, x = 104.9kg. 
^BFIO = tenth rib, 3/4 point backfat; LMA = tenth rib loin muscle area; LR = 
midline last rib backfat; LL = midline last lumbar vertebra backfat. 
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Table 8. Phenotypic, genetic and environmental variances and covariances^ among 
serial ultrasonic and carcass backfat and loin muscle area measurements 
Measurement Period^ 
Environ-
Genetic mental 
Trait^ 1 2 3 U C Variance Variance 
BFIO 
1 11.09 10.23 11.10 11.69 14.58 10.07 1.02 
2 -0.54 14.14 13.73 16.54 18.03 12.46 1.68 
3 -0.68 -0.55 19.37 19.04 19.79 15.73 3.64 
U 0.00 -1.42 -0.44 25.50 16.83 22.06 3.44 
C -2.09 -2.21 -0.59 -0.36 31.82 25.21 6.61 
LMA 
1 8.89 7.77 8.46 8.81 10.12 8.09 0.80 
2 -1.41 11.47 8.73 8.31 11.76 8.98 2.49 
3 -1.41 0.01 14.33 10.30 13.16 10.87 3.46 
U -1.75 -0.04 0.11 15.47 12.93 10.75 4.72 
C -1.01 -0.62 -0.59 0.33 24.92 19.79 5.13 
LR 
1 7.77 7.57 6.03 8.47 8.33 6.93 0.84 
2 -0.81 9.68 8.28 10.79 10.15 8.34 1.33 
3 -1.34 0.21 12.52 8.20 8.43 9.22 3.30 
U -1.14 -1.20 -0.10 14.28 12.87 11.66 2.62 
n n nn 
-0.23 A nA -V. A 1 ^  1J Z.O. / i i /• r\r\ i4.uu 12.71 
LL 
1 9.80 9.89 10.10 10.63 11.98 8.47 1.32 
2 -0.77 11.79 12.78 12.02 13.64 11.16 0.63 
3 -0.61 -0.50 13.72 14.83 15.38 13.05 0.67 
U -0.49 -0.61 -.66 17.43 16.83 16.83 1.90 
C -0.29 0.04 0.17 11.28 42.24 24.45 17.78 
^Phenotypic variance on diagonal; genetic covariance above/environmental 
covariance below diagonal. 
^1 = ultrasonic scan measurement, x = 67.4kg; 2 = ul^onic scan 
measurement, x = 80.3k^; 3 = ultrasonic scan measurement, x =_93.4kg; U = ultra­
sonic scan measurement, x = 104.9kg; C = carcass measurement, x = 104.9kg. 
^BFIO = tenth rib, 3/4 point backfat; LMA = tenth rib loin muscle area; LR = 
midline last rib backfat; LL = midline last lumbar vertebra backfat. 
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LMA were also high (h^>.70). Genetic correlations between scans were positive and 
high, increasing as the weight differences between the scans decreased. Variance 
component estimates for serially measured loin muscle area are listed in Table 8. 
Results from the serial ultrasonic measurements of backfat and loin muscle area 
show that measurements taken at weights as early as 67 kg are heritable, and more 
importantly have high genetic correlations with scan measurements and carcass 
measurements taken at slaughter weight. The high degree of genetic association 
between ultrasonic measurements at lighter weights and carcass measurements will rank 
animals within a contemporary group with a high degree of accuracy and in an order 
consistent with measurements taken at or near market weight. 
Implications 
The results of this study indicate heritabilities of ultrasonically measured backfat 
and loin muscle area to be of similar magnitude to those of measurements taken on the 
carcass. The high genetic correlations between ultrasonic and carcass measurements of 
backfat and loin muscle indicate real-time measurements taken on the live animal 
accurately describe the trait, corresponding carcass, and that selection for improved 
carcass traits using real-time ultrasound should be effective. Ultrasonic measurements 
of backfat and loin muscle area taken at live weights prior to slaughter weight were 
found to be highly heritable and strongly correlated genetically with market weight 
measurements, indicating that selection at lighter weights can be effective in identifying 
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superior individuals for replacement and can be effectively used in a two-stage selection 
scheme. 
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Appendix 
Table 9. Least squares means and standard errors of tenth rib backfat (BFIO) for 
serial ultrasonic scan and carcass measurements by test, sex and breed 
Measurement Period^ 
Scan l,mm Scan 2,mm Scan 3,mm Scan 4,mm Carcass, mm 
Test^ * * * 
1 16.8±.4 19.2±.4 23.3±.5 27.4±.6 27.9±.7 
2 14.8±.5 17.6±.6 20.8 ±.7 23.8±.8 26.0±.9 
Sex^ 3(e3|c4c *** *** 
Barrow 17.0±.l 20.0±.2 24.3±.2 28.5 ±.2 29.7±.3 
Gilt 14.7±.2 16.8±.2 19.9±.2 22.7±.2 24.2±.3 
Breed^ *** *** *** ** 
Berkshire 16.8±.3^ 19.6±.4^ 23.2±.4^ 26.9±.5^® 27.6±.6<^^^ 
Chester White 17.4±.5^ 20.5 ±.5^^ 24.21.6^^ 28.5 ±.7^ 31.0±.9g 
Duroc 17.0±.2^ 19.5±.2^ 23.7±.3^ 27.5 ±.3^ 28.0±.4^ 
Hampshire 12.9±.2^ 15.0±.3^ 18.6±.3f 21.5 + .4' 22.4±.4f 
Landrace i5.i±.3~ i7.6±.3" 20.7±.4^ 24.5 ±.5^ 26.7±.5^^^' 
Poland China 15.8±.3^® 18.0±.3^® 21.6±.4^ 24.9±.5^ 26.4±.5^^ 
Spotted I5.8+.3C® 1^.9 ±3'^^ 22.9+.4^ 26.3±.4® 28.1 ±.5^® 
Yorkshire 15.8±.2<^ 18.0±.2<^ 21.61.2^^ 24.8 ±.3^ 25.7±.3^ 
^Scan 1 = Ultrasonic scm, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = i04.9kg live weight. 
^Significance levels for effects in the model for each trait. 
cdefghi^g^g within a column without a common superscript differ (P<.05). 
»P<.05. 
***P<.001. 
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Table 10. Least squares means and standard errors of last rib backfat (LR) for serial 
ultrasonic scan and carcass measurements by test, sex and breed 
Measurement Period^ 
Scan l,mm Scan 2,mm Scan 3,mm Scan 4,mm Carcass,mm 
Test^ *** 
1 15.2±.3 16.5+.4 18.9+.4 21.4±.5 30.0+.7 
2 12.8±.4 16.8+.5 19.4±.6 21.3±.6 30.1+.9 
Sex^ *** *** *** *** 
Barrow 14.4+.1 17.4±.l 20.4+.1 22.8 ±.2 31.6±.2 
Gilt 13.6±.l 15.9±.l 18.0±.2 19.9±.2 28.4±.3 
Breed^ *** 
Berkshire 13.9±.3^ 16.4±.3^ 18.4±.3^ 20.6 ±.4^® 30.2±.5 
Chester White 14.6±.4C^ 18.0±.5^ 20.6±.5'^ 22.0±.6C^ 31.2+.8 
Duroc 14.8±.2^ 17.8±.2<^ 20.4+.2'^ 23.0±.2^ 30.2±.3 
Hampshire 12.3±.2® 14.9±.2® 17.6±.3® 19.8±.3® 29.0+.4 
Landrace 13.8±.3^ 16.1 + .3'^ 18.9±.3'^ 20.7±.4'^^ 29.2±.5 
Poland China 13 J ±2^ 16.2±.3<^ I8.6±.3<^ 20.8±.3^ 29.5 ±.5 
Spotted 14.8 ±.2^ 17.7±.3^ 19.9±.3^ 22.6±.3^^ 31.4±.5 
Yorkshire 14.2±.i= 16.4±.2^ 18.8±.2^ 21.0±.2^ 29.5±.3 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
^Significance levels for effects in the model for each trait. 
®^®%Ieans within a column without a common superscript differ (P< .05). 
»**?<.001. 
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Table 11. Least squares means and standard errors of last lumbar vertebra backfat 
(LL) for serial ultrasonic scan and carcass measurements by test, sex and 
breed 
Test^ 
1 
2 
Sex^ 
Barrow 
Gilt 
Breed^ 
Berkshire 
Chester White 
Duroc 
Hampshire 
Landrace 
Poland China 
Spotted 
Yorkshire 
Measurement Period^ 
Scan 1,mm Scan 2,mm Scan 3,mm Scan 4,mm Carcass,mm 
19.5±.4 
18.0±.5 
*** 
19.1±.l 
18.3±.l 
22.2±.4 
21.0±.5 
*** 
22.3 ±.l 
21.0±.2 
24.2±.4 
24.2±.6 
*** 
25.4±.2 
23.1 ±.2 
26.8±.5 
26.3±.6 
27.9 ±.2 
25.1 ±.2 
26.2±.4<='^ 
28.2+.6®^ 
26.5 ±.2^ 
22.6±.3g 
26.0±.4<^^ 
27.7 ±A-
29.2±.3® 
25.6+.2C 
34.5±.8 
31.3± 1.0 
34.5±.3 
31.3±.3 
33.5 ±.6^® 
34.9 ±.9"^® 
31.1±.4^ 
29.7±.5g 
32.6±.6^® 
35.2 ±.6^ 
32.6±.3'^ 
Hitilnm 
19.0±.3^^^ 21.6±.3C'^® 24.0±.3'^^ 
19.9±.5®f 22.7±.5®g 26.0±.5®^ 
18.7±.2'^'^ 2L6±.2^ 24.2±.2^ 
15.8+.2S 18.21.2^ 20.8±.3g 
17.8±.3^ 21.0±.3C^ 23.5±.3^^ 
19.4±.3^ 22.4+.3® 25.2±.3^ 
20.7±.3® 23.6±.3g 26.8±.3® 
18.5+.2'^ 21.1+.2^ 23.4+.2'^ 
^Scan 1 = Ultrasonic s^, x = 67.4kg; Scan 2 = Ultrasonic sc^, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
"Significance levels for effects in the model for each trait. 
cdefghj^g^s within a column without common superscripts differ (P<.05). 
**P<.01. 
***P<.001. 
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Table 12. Least squares means and standard errors of tenth rib loin muscle area 
(LMA) for serial ultrasonic scan and carcass measurements by test, sex 
and breed 
Test'' 
1 
2 
Sex'' 
Barrow 
Gilt 
Breed'' 
Berkshire 
Chester White 
Duroc 
Hampshire 
Landrace 
Poland China 
Spotted 
Yorkshire 
Measurement Period^ 
Scan l,cm^ Scan 2,cm^ Scan 3,cm^ Scan 4,cm^ Carcass,cm^ 
25.4±.4 
23.6±.5 
*** 
23.6±.l 
25.3±.l 
*** 
23.3±.3'^ 
24.2 ±.4^'! 
23.9±.2C 
26.2 ±.2® 
24.8±.3^ 
25.7±.3® 
23.8±.3^ 
23.8±.2C 
29.3±.4 
28.0+.6 
*** 
27.6±.l 
29.7±.2 
26.6±.3g 
28.8±.5'^'^® 
27.8 ±.2^^ 
31.3±.2^ 
29.4±.3® 
29.6±.3® 
27.7±.3" 
27.9 ±.2^ 
33.1±.5 
31.7±.6 
31.0±.2 
33.7±.2 
30.3±.4g 
32.21.6^^^ 
31.7±.2^ 
35.1 ±.3^ 
33.0±.4^® 
33.6±.4e 
31.5±.3^ 
31.8±.2^ 
36.4±.5 
34.5±.7 
34.1 ±.2 
36.9±.2 
33.1±.4g 
34.8 ±.6^® 
35.3±.3<^ 
38.4±.3'^ 
36.2 ±.4^^ 
36.8±.4f 
34.3±.4^<^ 
35.0±.2C^ 
35.9±.6 
35.3±.8 
*** 
33.4±.2 
37.8±.2 
33.2±.5^® 
33.1±.7'^® 
34.2±.3^^® 
40.2±.4^ 
36.6±.5g 
38.0±.5^. 
34.7±A^ 
34.6±.3'^'^ 
^Scan 1 = Ultrasonic sc^, x = 67.4kg; Scan 2 = Ultrasonic scm, x = 80.3kg; 
Scan 3 = Ultrasonic scan, x = 9^4kg; Scan 4 = Ultrasonic scan, x = 104.9kg; 
Carcass = Carcass measurement, x = 104.9kg live weight. 
"Significance levels for effects in the model for each trait. 
cdefghj^g^s within a column without a common superscript differ (P<.05). 
»P<.05. 
**»P<.001. 
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Table 13. Least squares means and standard errors for average daily gain (ADG) 
and adjusted days to 105kg (DAY 105) 
Trait^ 
ADG,g/day DAY105,days 
Test^ 
1 
2 
682.3 ±10.2 
758.9±13.9 
194.6±1.8 
180.3±2.5 
Sex^ 
Barrow 
Gilt 
*** 
738.1 ±3.6 
703.0±4.0 
*** 
185,1±0.6 
189.8±0.7 
Breed^ 
Berkshire 
Chester White 
Duroc 
Hampshire 
Landrace 
Poland China 
Spotted 
Yorkshire 
714.1±14.6cfgh 
724.8±23.0cfg 
777.3 ± 9.7cfg 
698.9 ±11. ice 
735.6±14.4eh 
716.5±14.2eg 
714.5±13.5ef 
682.9± 8.3c 
*** 
190.1±3.icefg 
186.4±4.9cd 
182.3±2.0d 
195.0±2.3C 
184.1 ±3. l^lg 
185.1±3.0«lf 
184.7±2.9«^e 
192.0±1.8^ 
Overall 717.9±5.7 188.4±1.5 
^ADG = average daily gain on test; DAY 105 = days to 105kg. 
^Significance levels for effects in the model for each trait. 
cdefgh^gans within a column without common superscript differ (P< .05). 
**»P<.001. 
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GENERAL SUMMARY 
Real-time ultrasound has been shown to be an accurate method of assessing 
backfat and loin muscle area in swine, as indicated by the high phenotypic and genetic 
correlations between ultrasonic and carcass measurements, particularly when ultrasonic 
measurements are taken at the tenth rib location. Heritability estimates for 
ultrasonically measured traits were high and similar in magnitude to estimates of 
corresponding carcass measurements indicating a large amount of genetic variation in 
the pig population upon which selection can be practiced. Evaluation and subsequent 
selection for carcass merit using real-time measurements on the live pig should result in 
directional change in the traits under selection. 
Backfat, loin muscle and growth rate per day were found to be increasing 
linearly between 63.5 and 105 kg in the study. Adjustment factors calculated from this 
data set are different than those currently recommended to producers, suggesting minor 
modifications to the current recommendations may be needed. The extent to which the 
linearity of backfat, loin muscle area and growth rate can be extended beyond 105 kg 
live weight cannot be addressed with this data, nor can these results be directly applied 
to intact males. These areas need to be further evaluated in future research projects 
before substantial changes are made in the currently available adjustment factors for 
these traits. 
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